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1. Introduction

Log and timber home construction is a highly valued and traditional form of home building. Although log homes have
provided effective housing for centuries, recent changes in the building code have made it difficult for home builders and
building officials to confirm compliance with some of the prescriptive and performance based building code requirements.
The building code primarily addresses stick-built wood-frame housing and although building codes do allow for alternative
compliance paths, these paths are not well established for log homes.

RDH was retained by the log and timber home building industry to help address three key aspects of performance and
compliance with the building code:

Water Penetration Control: The current BC Building Codes exempts log walls from the ‘rainscreen’ wall
requirement on the basis that rainscreen walls are only required when cladding is present and log walls are not
clad in the traditional sense. However, this interpretation is not uniformly understood and appropriately
administered by building officials in all jurisdictions. In addition, there is a desire to proactively demonstrate
water penetration control properties and develop appropriate code language for log wall assemblies that can be
utilized in building codes. Strategies such as reduction in exposure with overhangs, mass wall characteristics of
the logs, effective lateral joint design, and assembly interface and penetration details all contribute to effective
water penetration control.

Air-tightness: The current BC Building Code generally requires that air-tightness be incorporated into the full
building enclosure. It provides examples of air-tightness strategies for various types of assemblies and lists air
permeance for some materials but does not specifically address log home construction. Air-tightness is an
important aspect of both rain penetration control and energy efficiency performance. It is therefore important that
data exists regarding log wall air permeance and that overall log home air leakage can be controlled and
quantified. Appropriate building code language for log homes also needs to be developed.

Energy Performance: The building code provides prescriptive insulation (thermal conductivity) levels for walls and
other elements of the building enclosure in Part 10. Log homes are currently exempt from these requirements but
this will not be the case when the new requirements become mandatory at the end of 2013. These prescriptive
requirements are difficult to meet with traditional log wall construction because walls do not contain a specific
insulation layer with good thermal resistance properties. Whole building energy modeling can be utilized to
demonstrate equivalent energy performance with the code mandated whole building baseline performance.
Compliance is achieved through trade-offs in performance between thermal performance of walls, roofs, windows,
as well as efficiency of mechanical systems and inclusion of air-tightness performance.

Laboratory testing was performed on four test wall specimens to assess the water penetration resistance and air-tightness of
log home wall assemblies. The intent of the testing was to identify performance issues that need to be addressed through
changes in assembly construction and/or detailing. Chapter 2 provides a summary of this aspect of the project.

To assess the overall air-tightness of log homes, air-tightness testing was completed for four houses: three log homes and one
timber frame home. Air-tightness tests were completed to determine overall air leakage rates of typical log homes, and to
identify areas for improvement in construction detailing that could lead to more air-tight houses. Chapter 3 provides a
summary of this aspect of the project.

To assess energy performance, whole building energy simulations were completed to determine how log homes can meet code
with energy efficiency improvements to offset the lower wall insulation values. Computer energy simulations were completed
for three archetype log homes. Chapter 4 provides a summary of this aspect of the project.

Appendices provide more detailed information regarding all three aspects of the project.
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2.  Laboratory Air Leakage and Water Penetration Testing

Laboratory testing was undertaken to determine the basic air-tightness and water penetration resistance characteristics for
typical log wall assemblies. Additional testing was undertaken to identify opportunities for improved performance, and
suggest areas where additional testing may be warranted.

2.1. Test Methodology

Testing of the log home wall assemblies was undertaken using the testing facility at the Cascadia Windows Ltd.’s
manufacturing facility in Langley, BC (Fig.2.1 and Fig.2.2). The Cascadia facility is capable of testing specimens as large at
16’ x 12’. This apparatus can be used to perform water penetration resistance testing, air leakage testing, and structural
testing.

Fig.2.1  Front view of Cascadia Windows in-house Test Wall Fig.2.2  Rearview of Cascadia Windows in-house Test Wall

The construction of the interface between the edges of the log wall assemblies, the perimeter mounting buck, and the test
wall is critical to create air and water tight boundary conditions. If this interface is not constructed correctly, unintended air
and water ingress may occur, affecting the results of the testing. Following completion of testing on the first two modules,
additional information was distributed to the builders regarding the construction of the test modules and perimeter
mounting bucks.

After completion of testing on the first two modules it was hypothesized that venting the lateral groove to the exterior
would moderate the pressure difference between the lateral grooves and the exterior thereby reducing the driving force for
water penetration and improving the water penetration resistance of the wall assemblies. The venting means that the most
air-tight part of the wall assembly within the lateral groove is at the interior seal. This location is where the majority of the
air pressure drop will occur under wind driven rain conditions. Similarly, the air pressure drop between the exterior and the
lateral groove is reduced or eliminated because of the direct venting path into the lateral groove. Water penetration
requires a source, a hole, and a driving force. At the outside surface of the log wall the venting eliminates the primary
driving force (air pressure differential due to the wind) because of the moderation effect of the venting, and therefore water
penetration is unlikely to occur. At the inside, air-tight surface of the wall and lateral joint the wind induced air pressure
difference does occur but since there is no water present, water penetration is unlikely to occur. This approach to
controlling water penetration is generally known as ‘rainscreen’ and is utilized in many building enclosure assembly
designs.

The third and fourth modules included provisions to vent the lateral groove to the exterior as part of supplementary testing
in an attempt to demonstrate pressure moderation potential for the lateral groove. The lateral grooves were vented with
two oversized tie-down rod chases that ran vertically the height of the test wall and exited to the exterior side of the wall on
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a diagonal in the bottom log (Fig.2.3). The walls were tested with the diagonal holes sealed (unvented) and open (vented)
(Fig.2.4). Fig.2.5and Fig.2.6are elevations of Modules 3 and 4 indicating the location of the pressure taps. The pressure
taps are used to measure the pressure difference between the lateral grooves and exterior.

Fig.2.3  Rendering of how the lateral groove and venting of the Fig.2.4 Log home test wall with plug in the vent holes sealed.
log home test wall was achieved.
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Fig.2.5 Elevation of Module 3 indicating location of the 5 Fig.2.6  Elevation of Module 4 indicating location of the 8
pressure taps and threaded tie-down rods with pressure taps and threaded tie-down rods with
oversized chases oversized chases

2.2. LogWall Assembly Construction

A total of four log wall assemblies were tested:
Module 1: hand crafted, scribed fit, Douglas Fir logs with a log diameter of 14”, and EMSeal gasket either side of
the lateral groove (Fig.2.7).

Module 2: mountain pine beetle killed manufactured d-logs, 5 ¥2” wide by 7 4" tall, double tongue and lateral
groove with Loctite PL Premium Polyurethane Construction Adhesive (Fig.2.8).

Module 3: squared Red Cedar logs, 11 ¥2” by 11 %2”, with a tongue and lateral groove with a p-gasket at either side
(0).
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-3 Module 4: hand crafted, scribed fit, Douglas Fir logs with a log diameter of 14”, and p-gasket at either side of the
lateral groove (0).

Each of the modules was constructed by a different log home builder, following instructions regarding overall specimen
size and configuration provided by RDH. Refer to the attached test reports in Appendix A for further information regarding
the constructions of the log wall assemblies.

Fig.2.7 Module 1 Fig.2.8  Module 2
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Module 3 Module 4

2.3. Test Protocol

The test wall at Cascadia Windows was used to determine the air and water tightness of the completed assembly in general
conformance ASTM E283 and ASTM E331, respectively. During the water testing, all panels were tested at 0, 150, 300 and
500 Pa unless the amount of water ingress prevented further testing. A full round of testing was performed twice on each
of test modules 3 and 4, one round with the lateral grooves not vented and one round with the lateral grooves vented to
the exterior. Refer to the test reports in Appendix A for further information regarding the setup and the type of equipment
used to perform the testing.

2.4. TestResults

Testing of the first two modules was performed October 7 and 8, 2011 and the testing of the last two modules was
performed December 14 and 15, 2012. Table 2.1 provides a summary of the test results. Table 2.2 and Table 2.3 provide
the pressure difference measured in both Modules 3 and 4 respectively.

Itis believed that the water ingress observed in Module 1 occurred as a result of water ingress between the edges of the log
wall assembly and the perimeter mounting buck, and as such these results are likely not representative of the actual water
penetration resistance characteristics of the wall assembly.
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Table 2.1 Summary of test results.

0.0164 L/sm? | 0.0117 L/ssm? | 0.00642 L/s'm? | 0.00642 L/sm? | 0.0058L/sm? | 0.0058L/sm?

Table 2.2 Pressure difference at pressure tap locations in Module 3

Lateral Grooves  Test AP (pa) AP (pa) at Pressure Tap Locations (Lateral Groove to Interior)
Test # Vented or Not (Inter.ior to 1 2 3 4 5
Vented Exterior)
1 Not vented 75 19 19 19 19 19
2 Vented 75 75 60 57 57 60
3 Vented 0 NA NA NA NA NA
4 Vented 150 140 100 95 95 NA
5 Vented 300 300 196 180 178 199
6 Vented 500 470 270 253 258 272
7 Not vented 150 5 NA NA NA NA
8 Not vented 300 1 NA NA NA NA
9 Not vented 500 3 NA NA NA NA
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Table 2.3  Pressure difference at pressure tap locations in Module 4

Lateral Grooves  Test AP (pa) AP (pa) at Pressure Tap Locations (Lateral Groove to Interior)
Test # Ven\t/ee?] toerdNot g )r(]tt:r?:r; to 1 ) 3 4 5 6 7 8
1 Not vented 75 9 5 10 4 8 7 11 7
2 Vented 75 57 18 73 31 63 54 73 75
3 Vented 300 209 75 275 105 219 186 266 269
4 Vented 0 NA NA NA NA NA NA NA NA
5 Vented 150 40 NA NA 45 89 75 NA NA
6 Vented 300 135 NA NA 85 190 156 NA NA
7 Vented 500 213 NA NA 145 279 235 NA NA
8 Not vented 150 1 NA NA 0.7 0.7 0.7 NA NA
9 Not vented 300 0.5 NA NA 0.4 0.2 0.1 NA NA
10 Not vented 500 0.9 NA NA 0.5 0.7 0.1 NA NA
24.2 Air leakage

Table A-5.4.1.2(1) and (2) of the 2006 British Columbia Building Code, suggests that to be considered an air barrier a
material should have an air leakage rate of less than 0.05 L/s-m? at 75 Pa when interior relative humidity is greater than
55%. All tested modules have an air leakage rate of much less than 0.05 L/s-m? at 75 Pa which exceeds (better) the
building code requirements or recommendations.

2.4.3 Water ingress

No water ingress was observed within the field of the wall, except for Module 1 where the water ingress observed was likely
a result of poor construction of the test module perimeter rather than representative of a he performance of the wall itself.
The current practice of using gasketing within the lateral grooves appears to be effective in controlling water penetration
within the field area of the wall.

244 Pressure Moderation

Venting of the lateral grooves to the exterior was effective in achieving some pressure moderation and therefore it is
possible to utilize a pressure moderation, or rainscreen approach to further limit the risk of water penetration at lateral
joints in log wall assemblies. At higher test pressures the moderation effect was less complete. Better pressure
moderation may be achieved by increasing the size of the holes connecting the lateral grooves to the exterior, larger
vertical holes through the logs, use of less gasketing material, or the creation of larger lateral air spaces. As no water
ingress was observed during testing of both Modules 3 and 4 even without venting, it was not possible to fully determine if
pressure moderation is critical to performance under specific conditions, or if it simply provides reduced risk of water
penetration under all situations.
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3.  Whole Building Air-tightness Testing

The control of air leakage through the building enclosure is important in order to reduce energy consumption for heating
and cooling. Air leakage occurs through unintentional holes through the building enclosure; at interface joints between
components and assemblies penetrations (mechanical and electrical).

The air-tightness of a house is measured by conducting a blower door test. For this test, the house is pressurized and the
air leakage rate of the house is calculated based on the fan speed and the pressure difference between inside and outside.
Section 3.1 provides additional details on the blower door testing methodology.

Air-tightness of homes is typically reported in units of air changes per hour, or ACH. The 2012 BCBC does not have a
maximum air-tightness requirement for houses, though lower ACH rates will help achieve a better EnerGuide rating which is
being proposed as part of the building compliance strategy for log homes. Houses are required to undergo air-tightness
testing in order to receive an EnerGuide rating. The R-2000 standard (a voluntary Canadian standard for energy efficient
houses) requires an air-tightness of 1.5 ACH measured at 50 Pa (ACH.,). The Passive House standard requires an air-
tightness of 0.6 ACH.,. Test results from a log home in Denmark were obtained, where the house achieved 0.87 ACH,,,
indicating that low air-tightness ratings are possible with log home construction.

Blower door tests were conducted for three log homes and one timber frame house to assess the overall air-tightness of log
and timber frame homes, and to identify air leakage paths and areas for improvement. In addition to blower door tests,
smoke testing and infrared thermography were used to more clearly identify air leakage paths for each house. The
following sections detail testing methodology and results from the four homes that were tested.

3.1. Test Methodology

The air-tightness testing procedure followed the methodology for the EnerGuide for Houses air-tightness test. This
methodology follows the standard CGSB 149.10 M86 “Determination of the Air-tightness of Building Envelopes by the Fan
Depressurization Method”. The EnerGuide test requires a modification to the CGSB standard; that the house must be
tested “as operated” (under normal operating conditions, without sealing intentional openings such as dryer vents,
combustion air inlets, and fireplace chimneys). The EnerGuide test also includes an additional step that is not in the CGSB
standard; testing the level of house depressurization with all of the exhaust appliances operating to check whether an
appliance may be spilling combustion products. However, this test was not completed on the four log and timber frame
houses since combustion spillage was not a focus of this study.

The test procedure for the EnerGuide blower door test to obtain an ACH rating is as follows:
1. Prepare the house for the test: close all exterior windows and doors, turn off exhaust fans, open all interior doors, etc.
2. Connect tubing to the exterior of the blower door and extend it away from the house to the outside.

3. Install the blower door apparatus in an exterior doorway. This consists of a “door” made of fabric in a frame, or a solid
panel, that covers the door opening, plus a fan that sits in the opening of the door cover (Fig.3.1).

4. Connect the manometer (pressure measuring instrument) and tubing to the fan airflow meter.
5. Ensure all gauges are set to zero.

6. With the fan off, seal the fan opening and record the inside-outside pressure difference. This gives a baseline
measurement of the inside-outside pressure difference, particularly to determine the effect of wind.

7. Uncover the fan, turn the fan on and increase the speed until the inside-outside pressure difference reaches 50 Pa.

8. Record the airflow or fan pressure at different pressure readings, starting at 50 Pa and working down in 5 Pa
increments.
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Fig.3.1 Blower door test apparatus viewed from the exterior (left) and the interior (right).

9. Turn off the fan, seal the fan opening and record the inside-outside pressure difference. This is done to ensure the
wind has not changed significantly since the start of the test, and to ensure the gauges are reading correctly. The
pressure difference should be within 3 Pa of the initial reading.

10. To check air leakage locations, turn the fan high enough to obtain a 30 Pa reading, and walk around the house with a
smoke pencil to view areas where smoke entered through the enclosure.

In addition to the EnerGuide test procedure, additional qualitative testing was completed by pressurizing the house and
using smoke and infrared thermography to locate air leakage sources. After the EnerGuide pressurization test was
complete, the fan was turned around in order to pressurize the house. The house was pressurized to 50 Pa, and smoke
was generated inside the house using a theatrical fog machine (Fig.3.2). Areas where smoke was visible at the outside
were recorded as air leakage paths.

AL\

Fig.3.2  Theatrical fog machine smoke testing apparatus.

Following the smoke testing, the house was left pressurized for one hour. An infrared camera was used to take photos of
the house from the exterior. These photos were compared to infrared photos of the house while it was depressurized to
further assist in identifying air leakage paths.
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3.2. Test Results

The following sections provide a summary of the air-tightness test results for each of the four homes that were tested.
Complete test reports are provided in Appendix B.

3.2.1 Test House #1

The first test house is a log home in 100 Mile House, BC, built in 2003 (Fig.3.3). The house is one-storey with a cathedral
ceiling and a heated crawlspace. Heating is provided by a gas furnace in the crawlspace. The house contains logs of four
different species: spruce, pine, firand cedar. The logs were measured to have a diameter of approximately 14”. Air sealing
of the log walls was completed by sealing joints at the exterior. Crawlspace walls had 2” XPS insulation inside of the
concrete wall and acoustically sealed polyethylene placed over the insulation

Fig.3.3  Air-tightness test house #1, 100 Mile House, BC.

Floor plans were not available for this house; however the area was measured on site. The floor area of the house is
approximately 1,110 sf. The total enclosure surface area (including crawlspace and slab) is approximately 3,870 sf, and
the total volume (including the heated crawlspace) is approximately 17,500 ft>.

The depressurization test resulted in an air-tightness of 2.82 ACH.,. This corresponds to an equivalent leakage area of
86.3 in” at 10 Pa, or 46.3 in” at 4 Pa.

Smoke testing while the house was depressurized showed air leakage around the windows and doors, particularly at
operable windows (Fig.3.4). At windows, leakage appeared to occur both around the frame (between the window and the
rough opening), as well as between the sash and the frame at operable units. A particularly large amount of leakage was
observed at the back door to the house.

Smoke testing while the house was pressurized showed air leakage around the windows and doors, as well as through the
corner joints in the log wall (Fig.3.5). A significant amount of leakage was seen through the corner joint.
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Fig.3.4  Smoke infiltration observed at operable windows during smoke pencil testing from the exterior under depressurization.

Fig.3.5 Smoke infiltration observed at corner joints and exterior door during smoke testing from the interior under
pressurization.

Infrared (IR) thermography photos were taken of the house during depressurization and during pressurization. It is
important to compare the photos under the two conditions to identify air leakage paths rather than “thermal bridges”;
areas with less insulating value that can also show up as warm points in the thermal images. If an area shows up as a
warm point in both the depressurization and pressurization photos then it is likely not an air leakage path but rather a
thermal bridge. However if an area shows up as a warm point in the pressurization photo (where warm indoor air is being
forced out of the house) but not in the depressurization photo (where cold outdoor air is being drawn into the house), then
the pointis likely an air leakage path. Infrared thermography photos need to be carefully interpreted for this reason.

Fig.3.6 and Fig.3.7 show IR images during depressurization and pressurization. As with smoke testing, the IR images
showed air leakage occurring at windows and doors, and through log wall corner joints.
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Fig.3.6 IR photo of the door during depressurization (left) and pressurization (right), showing air leakage around the door during
pressurization.

Fig.3.7 IR photo of a joint during depressurization (left) and pressurization (right), showing air leakage through the joint during
pressurization.
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3.2.2 Test House #2

The second test house is a log home located in 100 Mile House, BC, built in 2003 (Fig.3.8). This house is two-storeys (one-
storey plus loft) with a cathedral ceiling and an insulated crawlspace. Heating is provided by electric baseboards. The
house contains Lodgepole Pine logs which were measured to have a diameter of approximately 14”. Air sealing of the log
walls was completed by sealing joints at the interior. Crawlspace walls had 2” XPS insulation inside of the concrete wall;
though it was noted the insulation stopped approximately 2” short of the top of the crawlspace wall.

Fig.3.8  Air-tightness test house #2, 100 Mile House, BC.

The area and volume of this house were calculated from floor plans. The floor area of the house is approximately 1,100 sf
(660 sf at the first floor plus a 440 sf loft). The total enclosure surface area (including crawlspace and slab) is
approximately 3,270 sf, and the total volume (including the crawlspace) is approximately 13,400 ft>,

The depressurization test resulted in an air-tightness of 4.57 ACH.,. This corresponds to an equivalent leakage area of
105.5in% at 10 Pa, or 56.15 in® at 4 Pa.

Smoke testing using a smoke pencil while the house was depressurized showed air leakage at two operable windows
(bathroom window and one first floor back window); no leakage was observed through the other fixed and operable
windows. Smoke testing using a theatrical fog machine while the house was pressurized showed air leakage through the
corner joints in the log wall and around operable windows (Fig.3.9).
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Fig.3.9 Smoke infiltration observed at corner joint (left) and around operable windows (right) during smoke testing from the
interior under pressurization.

Infrared (IR) thermography photos were taken of the house during depressurization and during pressurization. Fig.3.10,
Fig.3.11 and Fig.3.12 show IR images during depressurization and pressurization. Fig.3.13, Fig.3.14 and Fig.3.15 show
additional IR images taken during pressurization where no depressurization photo exists, but air leakage paths can still be
identified. The IR images show air leakage occurring at windows, doors and joints.

Fig.3.10 IR photo of a window during depressurization (left) and pressurization (right), showing air leakage during pressurization
around the window frame and at joints between logs where the logs meet the window.
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Fig.3.11 IR photo of the gable and roof overhang during depressurization (left) and pressurization (right), showing air leakage at the
joint during pressurization.

B |

Fig.3.12 IR photo of the foundation (crawlspace) wall and log wall interface during depressurization (left) and pressurization (right),
showing air leakage through the crawlspace vent during pressurization.

4,

Fig.3.13 Air leakage at windows and joints under pressurization.
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Fig.3.14 Air leakage at second floor door and at roof overhang joints under pressurization.

Fig.3.15 Air leakage at joints under pressurization.
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3.2.3 Test House #3

The third test house is a timber frame house with traditional wood stud infill wall construction in Chase, BC (Fig.3.16). The
building is new, and at the time of testing interior finishes were being completed. This house is split level, with the main
floor (split) plus a loft and a walkout basement, and a cathedral ceiling (Fig.3.17). Heating is provided by a gas furnace and
radiant floor heating in the basement. The house has a gas fireplace that was not yet operational.

Fig.3.16 Air-tightness test house #3, Chase, BC.

Fig.3.17 Cathedral ceiling and timber frame construction viewed from the inside of test house #3, Chase, BC.

The area and volume of this house were calculated from floor plans. The floor area of the house is approximately
2,840 sf. The total enclosure surface area is approximately 6,730 sf, and the total volume is approximately 33,400 ft°.

The depressurization test resulted in an air-tightness of 1.43 ACH.,. This corresponds to an equivalent leakage area of 130
in? at 10 Pa, or 90 in” at 4 Pa. Note that although this house achieved a lower ACH., rate than the first and second test
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houses, the equivalent leakage area is larger than the previous two houses. This occurs because of the large volume of
test house #3, which lowers the ACH., rate (i.e. air leakage occurs over a larger volume).

Smoke testing using a smoke pencil while the house was depressurized showed air leakage at all of the operable windows,
between the sash and the frame. Leakage was also observed at the top right corner of the sliding glass door between the
IGU and the frame (Fig.3.18).

Fig.3.18 Smoke infiltration observed at sliding glass door between IGU and frame (left) and at operable window between sash
and frame (right) under depressurization.

Smoke testing using a theatrical fog machine while the house was pressurized showed air leakage around the sliding glass
door (Fig.3.19). No air leakage was observed at the framing or at fixed windows.

Fig.3.19 Theatrical fog machine used for smoke testing at a corner of the house (left) and smoke leakage observed around the
sliding glass door (right) under depressurization.

Infrared (IR) thermography photos were taken of the house during depressurization and during pressurization. Fig.3.20,
Fig.3.21, Fig.3.22 and Fig.3.23 show IR images during depressurization and pressurization. Fig.3.24 and Fig.3.25 show
additional IR images taken during pressurization. The IR images show air leakage occurring at windows, doors, joints, and
at the roof to wall interface.
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Fig.3.20 IR photo of a sliding glass door during depressurization (left) and pressurization (right), showing air leakage during
pressurization around the door frame.
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Fig.3.21 IR photo of the gable and roof overhang during depressurization (left) and pressurization (right), showing air leakage at
joints during pressurization.
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Fig.3.22 IR photo of a window during depressurization (left) and pressurization (right), showing air leakage at the corners during
pressurization.

Fig.3.23 IR photo of the roof to wall interface during depressurization (left) and pressurization (right), showing air leakage at this
interface during pressurization.
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Fig.3.25 Air leakage at the roof to wall interface, both under pressurization.

3.2.4 Test House #4

The fourth test house is a log home in New Westminster, BC, built in 2011 (Fig.3.26). This house is two-storeys plus a
basement, with a cathedral ceiling. Heating is provided by a gas furnace as well as electric baseboards in the basement.
The house also has a gas fireplace. The house is made from spruce logs which were measured to have diameters ranging
from approximately 13” to 17”. Joints between logs were gasketed.

ik

Fig.3.26 Air-tightness test house #4, New Westminster, BC.

The area and volume of this house were calculated from floor plans. The floor area of the house is approximately
3,000 sf. The total enclosure surface area (including slab and ceiling areas) is approximately 4,400 sf, and the total
volume (including the basement) is approximately 28,400 ft>.

The depressurization test resulted in an air-tightness of 6.43 ACH.,. This corresponds to an equivalent leakage area of
316.0in?at 10 Pa, or 169.5 in” at 4 Pa.

Smoke testing using a smoke pencil while the house was depressurized showed air leakage at operable windows and at
the log wall corner joints (Fig.3.27). At the windows, significant leakage was observed at the operator hardware. Leakage
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was also observed at the head and jamb between the frame and the rough opening, and between the sash and the frame of
the operable unit.

Fig.3.27 Smoke infiltration observed at corner joint during smoke
testing from the interior under pressurization.

Smoke testing was also performed using a theatrical fog machine while the house was pressurized. This testing showed
significant leakage at various areas (Fig.3.28, Fig.3.29 and Fig.3.30). Leakage was observed around windows and doors
(between the frame and the rough opening), at log wall corner joints, and at the roof soffit.

Fig.3.28 Smoke leakage observed at log wall corner joint during pressurization.
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Fig.3.30 Smoke leakage observed at log wall corner joint (left) and at window jamb (right) during pressurization.

Infrared (IR) thermography photos were taken of the house during depressurization and during pressurization; however, air
leakage cannot be viewed from many of the images due to sun hitting the building affecting surface temperatures. Fig.3.31
shows IR images during depressurization and pressurization, where air leakage at the joint can be seen during
pressurization.
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Fig.3.31 IR photo of a log wall corner joint during depressurization (left) and pressurization (right), showing air leakage during
pressurization.

3.3. Summary

Three log houses and one timber frame house were tested for whole building air-tightness. Table 3.1 provides a summary
of the test results for the four houses. The timber frame house, achieved an ACH., rating of 1.43, below the R-2000
standard of 1.5. Areas for improvement identified included sealing at the roof to wall interface, corners, and more air-tight
operable windows.

The log homes tested had significant leakage at the log wall corner joints, as well as at window and door interfaces and at
the roof to wall interface. The newest log house that was tested, which was built with gasketed joints between logs,
resulted in the highest air leakage rate.

Table 3.1 Summary of air-tightness testing results for depressurization test.

Test House #1 Test House #2 Test House #3 Test House #4
Construction Type Log Log Timber Frame Log
Year of Construction 2003 2003 2013 2011
Log sealing approach Exterior Log Interior Log N/A Gasketed

Interface Sealed Interface Sealed
Air-tightness, ACH_ 2.82 4.57 1.43 6.43
Equivalent leakage area at 10 Pa, in- 86.30 105.5 130.0 316.0
Equivalent leakage area at 4 Pa, in’ 46.31 56.15 90.11 169.5
Air leakage observed during smoke Operable windows, | Operable windows, | Operable windows | Operable windows
testing and IR photos door, joints door, joints and sliding glass and doors, joints,

doors, joints, roof soffit
to wall interface
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4. Energy Performance of Log Homes

4.1. BCBuilding Code Requirements for Energy Efficiency

4.1.1 2012 BC Building Code

The 2012 BC Building Code (BCBC) includes energy efficiency requirements for buildings in Part 10, Section 10.2 Energy
Efficiency. Low-rise residential buildings are required to meet prescriptive insulation requirements for enclosure
assemblies, or alternatively buildings can comply by achieving an EnerGuide rating of 77. The following is an excerpt from
the 2012 BCBC on the energy efficiency requirements for low-rise residential buildings:

10.2.1.1. Design

2) If a building is less than 5 storeys in building height, the parts of the building that are classified as Group C major
occupancies shall be provided with thermal insulation that conforms to Table 10.2.1.1.A or Sentence (3).

a) between heated space and unheated space, exterior air and exterior soil, and
b) between heating floor assemblies and heated space, unheated space, exterior air and exterior soil.
3) Thermal insulation required by Sentence (2) that does not conform to Table 10.2.1.1.A shall

a) use energy computer modelling to achieve equivalent performance to the requirements in Table 10.2.1.1.A. (see
Appendix A), or

b) achieving an EnerGuide Rating System rating of 77, verified by an EnerGuide Rating System energy advisor
licensed by Natural Resources Canada to evaluate the energy efficiency of new houses.

Table 4.1 BCBC 2012 Table 10.2.1.1.A Minimum Thermal Resistance of Insulation Rg,, m-°C/W for Buildings of Residential
Occupancy less than 5 Storeys in Building Height

Value Required Value Required Value Required

Building Assembly Less than 3500 3500 Degree to More than
Degree Days 4500 Degree Days 4500 Degree
Days
Attic Space- 7.0 7.7 9.0
Roof Joist Assemblies (Cathedral Ceilings / Flat Roofs) 4.9 4.9 4.9
Frame Walls- (including frame crawl space walls) 3.5 3.5 3.85
Suspended Floors (framed) 4.9 4.9 4.9
Suspended Floors (concrete slab) 2.1 2.1 2.1
Foundation Walls (insulation to 600 mm below grade) 2.1 2.1 2.1
Unheated Concrete Slabs on Ground at or above grade (insulation 1.8 2.1 2.1

around edge of slab- and 500 mm vertical or horizontal from bottom
edge of slab)

Radiant Heating Slabs on Ground (insulation under all slab area 2.1 2.1 2.1
and around edge of slab)

Radiant Heating Suspended Floor Assembly Over Heated Area 2.1 2.1 2.1
(insulation between heated floor and heated area below)-

(1) The thermal resistance rating of attic space insulation may be reduced to value required for frame walls for a distance of
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a. 1.0 mfrom the exterior wall in buildings where the thermal resistance rating of the wall below is not required to
exceed 3.5, or

b. 1.5 m from the exterior wall in buildings where the thermal resistance rating of the wall below is not required to
exceed 3.85.

(2) Stud/Frame type wall construction. This is not intended to apply to masonry, log or construction without a cavity.

(3) Thetop edge of insulation between the slab edge and foundation wall may be protected with a pressure treated
preserved wood filler strip not more than 50 mm thick.

(4) Not applicable when heating elements or piping are located within a concrete topping on a suspended floor assembly or
within an internally heated suspended slab.

Although most log walls do not meet the prescriptive insulation requirements for frame walls, the code includes a note
(note 2 above) that specifies this value does not apply to log wall construction. Log homes can still demonstrate
compliance through the alternative path of computer energy modeling or EnerGuide rating.

4.1.2 EnerGuide Rating System

The EnerGuide Rating System was established by Natural Resources Canada to rate the energy efficiency of houses in
Canada. The system assigns ratings based on a scale of 0 to 100, where 100 represents a house that requires no
purchased energy on an annual basis. Typical EnerGuide ratings according to the EnerGuide website are shown in
Table 4.2. Note that the 2012 BCBC requires an EnerGuide rating of 77 if prescriptive enclosure insulation requirements
are not met.

Table 4.2  Typical EnerGuide ratings according to NRCan website.

Type of House EGH Rating
New House built to building code standards 65t072
New house with some energy efficiency 73t079
improvements
Energy efficient new house 80 to 90
House requiring little or no purchased energy 91to 100

EnerGuide ratings are determined by modeling a house in the energy simulation program HOT2000. This is a program
provided by Natural Resources Canada that takes inputs regarding the geometry, enclosure, mechanical system, etc. of a
house, and estimates the annual energy consumption for the given set of inputs. HOT2000 is used by EnerGuide energy
advisors to determine the EGH rating of a house. HOT2000 is used for this study to assess the EGH rating and relative
energy performance of typical log houses, compared to framed houses and log houses with energy efficiency
improvements.

The house geometry, enclosure details and mechanical details are entered into the program, and the program estimates
the annual energy consumption of the house. To receive an EnerGuide rating a blower door test must also be performed
when construction is complete to determine the actual air-tightness of the house. Three archetype log homes have been
used for this study to create EnerGuide models and assess the energy performance of typical log homes compared to frame
houses, and to investigate the impact of potential energy efficiency improvements.

4.2. Thermal Performance of Log Walls

The thermal performance of walls and other building enclosure assemblies is typically specified in terms of an overall
thermal resistance, measured in metric units of m?-K/W or imperial units of hr-ft>-F/Btu. Using metric units, this is typically
denoted using Rq-value, versus R-value for imperial units.
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The 2012 BCBC prescriptive insulation requirements include a minimum R-value of Rg-3.5 W/m?-K (R-20) for framed walls
in locations with less than 4500 Heating Degree Days (HDDs), and Ry-3.85 (R-22) in locations with more than 4500 HDDs.
This would typically be met by using 2x6 framing filled with fibreglass batt insulation (high density batt to achieve Rq-3.85).

The thermal performance of log walls depends on the thickness of the logs and the species of wood. /CC 400-2012
Standard on the Design and Construction of Log Structures includes calculated R-values for log walls. R-values are given
based on the specific gravity of the species and average width, W, of the logs. W, is defined as the average cross sectional
area divided by the stack height (which is smaller than the average diameter of the log). The
R-values given in ICC 400-2012 are calculated using W, (the calculation is given in Section 305.3.3). Table 4.3 shows a
selection of R-value perinch of wood from the standard ICC 400 (a property of the wood species).

Table 4.3  ICC 400-2012 R-value perinch and Rs-value per mm of wood species.

Log Species R-Value perinch Rg-Value per mm
§-p (wood property) (wood property)

Western Red Cedar 1.51 0.0105
Red Spruce, White Fir, W. Spruce-Pine-Fir 1.27 0.0088
Black Spruce, E. Spruce-Pine-Fir, Eastern 1.21 0.0084
Softwoods, Eastern Spruce, Sitka Spruce,
Western Softwoods
Hem-Fir, Lodgepole Pine, Ponderosa Pine, 1.21 0.0084
Red-Canadian Pine
Douglas Fir-Larch 1.06 0.0074

To confirm the R-value of log walls, two-dimensional heat transfer simulations of log walls were completed using the
program THERM. THERM is a finite element analysis program used to calculate the effective R-value of building enclosure
assemblies. This provides a more accurate R-value than a simpler calculation based on average width. The average width
calculation may not correctly account for reduced heat loss at the joints (due to the
non-linear nature of heat transfer), and therefore comparing the simulation results to ICC 400-2012 values will help assess
the accuracy of this calculation.

THERM simulations were completed for two wood species and four log sizes. The wood species Douglas Fir and Western
Red Cedar were chosen since they represent a low and high R-value perinch wood species, respectively. A log diameter of
14” is typical based on discussions with BC log home builders, and therefore log diameters of 10”, 14”, and 18” were
simulated for comparison. Each wall was simulated with a typical foam gasket joint and with an air space for comparison.
Joint thicknesses were assumed to be 4”, 5” and 6” for the 10”, 14” and 18” diameter logs, respectively. The ICC 400-
2012 inside and outside air film values were used in the THERM simulations. Fig.4.1 shows a sample log wall THERM
simulation.
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Fig.4.1  THERM simulation of log wall with foam gasket and air space.

Fig.4.1 shows the results of the THERM simulations compared to the ICC 400-2012 R-values. Cases where the THERM
simulations resulted in lower R-values than the standard values are bolded. The simulations of a joint with a foam gasket
and air space provided lower R-values than in the ICC 400-2012 except for the 10” Western Red Cedar. With the joint full of
foam, the 10” and 14” THERM simulations gave R-values higher than the standard values, however the 18” diameter
simulations were lower than the standard R-values.

Table 4.4 ICC400-2012 and calculated R-values of log walls.

ICC 400-2012 R-Value, Calculated R-value, Joint Calculated R-value,

Log Species and Size m-K/W (hr-ft-F/Btu) with Gasket and Air Space,  Joint with Full Foam,

[Table 305.3.1.1] m=-K/W (hr-ft-F/Btu) m=-K/W (hr-ft-F/Btu)
Douglas Fir, 10” diameter 1.47 (8.3) 1.44 (8.2) 1.51 (8.6)
Douglas Fir, 14” diameter 2.02 (11.5) 1.94 (11.0) 2.08 (11.8)
Douglas Fir, 18” diameter 2.59 (14.7) 2.24(12.7) 2.40(13.6)
Western Red Cedar, 10” diameter 1.98 (11.2) 1.97 (11.2) 2.06 (11.7)
Western Red Cedar, 14” diameter 2.75 (15.6) 2.62 (14.9) 2.85 (16.2)
Western Red Cedar, 18” diameter 3.56 (20.2) 3.05(17.3) 3.29 (18.7)

4.3. Archetypes for Energy Modeling

Three archetype houses were modeled: a 1,200 sf two-storey house with a square floor plate and no basement, a 1,200 sf
two-storey house with an L-shaped floor plate and a basement, and a large 2,400 sf two-storey house with a square floor
plate and no basement. These archetypes were chosen to investigate a variety of typical house geometries, primarily large
and small sizes and slab on grade or basement configurations.
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43.1 Archetype 1

The first archetype is a two-storey log home with a floor area of approximately 1,200 sf (Fig.4.2 and Fig.4.3). The house has
a cathedral ceiling and does not have a basement. The overall window to wall ratio of the house is 15% (including glazed
doors). The first floor exterior walls are constructed from logs, and the second floor gable areas are assumed to be typical
wood frame construction. The house also has second floor knee walls that are assumed to be framed construction.
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Fig.4.2  Archetype 1 front view (left) and back view (right).
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Fig.4.3  Archetype 1 first floor plan (left) and second floor plan (right).
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4.3.2 Archetype 2

The second archetype is a two-storey log home with an above grade floor area of approximately 1,200 sf
(Fig.4.4 and Fig.4.5). The house has a cathedral ceiling and a basement. The overall window to wall ratio of the house is
18% (including glazed doors). The first floor exterior walls are constructed from logs, and the second floor gable areas are
assumed to be typical wood frame construction. The house also has second floor knee walls that are assumed to be
framed construction.

Fig.4.4  Archetype 1 front view (left) and back view (right).
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Fig.4.5 Archetype 2 first floor plan (left) and second floor plan (right).

433 Archetype 3

The third archetype was created by doubling the footprint of the first archetype to create a larger house with a floor area of
2,400 sf, no basement and a rectangular footprint. The window to wall ratio of this archetype was kept constant at 15%.
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4.4. Baseline House Inputs

Table 4.5 shows the building enclosure, mechanical, and other inputs for the baseline house energy simulations in
HOT2000. Building enclosure inputs are from the 2012 BCBC prescriptive requirements. Window U-values and mechanical

system efficiencies are from the BC Energy Efficiency Act (EEA). Otherinputs are standard EnerGuide assumptions.

The baseline code compliant house was simulated with the above inputs, where all walls had the minimum
code-compliant wall. Six log homes were simulated (where only the log wall R-value was changed compared to the code):

two wood species and three log sizes. R-values were taken from ICC 400-2012 (shown in Table 4.4).

Table 4.5 Baseline house inputs for energy simulations.
Source Units <3500 HDD 3500-4500 »4500 HDD

HDD

Building Enclosure

Attic R-Value? BCBC m2-K/W 7 7.7 9

Cathedral Ceiling R-Value BCBC m2-K/W 4.9 4.9 4.9

Wall R-Value BCBC m?-K/W 3.5 3.5 3.85

Suspended floors (framed) BCBC m2-K/W 4.9 4.9 4.9

Door R-Value EEA m2-K/W 0.875 0.875 0.875

Window U-Value EEA W/m?-K 2 2 2

Window SHGC Typical 0.3 0.3 0.3

Slab-on-grade (Unheated) (Insulation BCBC m2-K/W 1.8 2.1 2.1

around edge of slab and 0.5 m vertical or

horizontal from bottom edge of slab)

Foundation Walls BCBC m2-K/W 2.1 2.1 2.1

(insulation to 0.6 m below grade)

Thermal Mass Light, Wood frame

Temperatures (Constant)

Heating Set Point EnerGuide °C 21

Cooling Set Point EnerGuide °C 25

Base Loads (Constant)

Electric Appliances EnerGuide | kWh/d 14

Lighting EnerGuide | kWh/d 3

Other Electric EnerGuide | kWh/d 3

Internal Gains — Basement EnerGuide 15%

Avg. Exterior Use EnerGuide | kWh/d 4

Laundry EnerGuide Main Floor

Hot Water Load EnerGuide L/d 225

Hot Water Temperature EnerGuide °C 55

Occupancy EnerGuide 2 Adults & 2 Children, home 50%

Power Generation

On-Site Power Generation | | None

Natural Air Infiltration

Air Change Rate | Typical | ACH50 | 1.5

Heating/Cooling System

Main Heating System Furnace - Natural Gas Induced Draft fan furnace

Air Conditioning None

Furnace Efficiency EEA AFUE 90%

1 . . . . .
R-values are for the thermal resistance of insulation (i.e. not overall effective R-values).
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Domestic Hot Water

Energy Source Natural Gas

Energy Factor EEA EF 0.62

Ventilation

Equipment type HRV

Supply BCBC L/s 22

Exhaust BCBC L/s 22

HRV Efficiency @ 0°C HOT2000 % 55%
standard

HRV Efficiency @ -25°C HOT2000 % 45%
standard

Cooling Efficiency % 0%

Other Fans (exhaust) BCBC L/s Two bathroom exhaust fans, each 25 /s

4.5. Energy Efficiency Measures

Energy efficiency measures (EEMs) can be used to improve the overall energy performance of log homes to meet code
requirements without requiring the addition of insulation at the log walls. EEMs were first investigated individually to view
the relative impact of each measure on overall energy performance and to determine which measures have the greatest
energy savings. EEMs were also simulated in groups of measures to view the overall impact of several measures
implemented to improve the performance of log homes.

The EEMs investigated are shown in Table 4.6. EEMs were simulated with 10” Douglas Fir log walls in order to view the
impact on a lowest-performance log wall. EEMs are grouped into the following categories: roof or ceiling insulation beyond
the code minimum, framed wall insulation beyond the code minimum (where framed walls exist, for example at gables and
knee walls), windows better than the BC Energy Efficiency Act minimum requirement, slab-on-grade and below grade
insulation beyond the code minimum, improved air-tightness, and mechanical equipment with efficiencies beyond the BC
Energy Efficiency Act minimum. There are a variety of different enclosure assemblies and mechanical equipment that can
achieve the energy efficiency measures listed in the table below. EEMs should be considered based on building specific
factors and local preferences. For additional resources on how to achieve this performance, refer to the following sources:

-+ HPO Building Enclosure Design Guide, http://www.hpo.bc.ca/building-enclosure-design-guide

Table 4.6 Summary of individual Energy Efficiency Measures simulated in log home archetypes.

Enclosure Assemblies to Achieve Energy

Component Energy Efficiency Measures Simulated EfficiencylMersUres
Roof or Ceiling -+ Rg-6.3 (R-36) Use spray foam insulation instead of fibreglass
Insulation -3 Rg-7.7 (R-44) batt in stud space (higher R-value per inch),
-+ Rg-9.2 (R-52) SIPs (structural insulated panel system), or
-3 Rg-10.6 (R-60) exterior insulation outside of roof sheathing.
Framed Wall Insulation | =¥ Rsr4.2 (R-24) Use spray foam insulation instead of fibreglass
(at gables and knee «% Rg5.6 (R-32) batt in stud space, or use exterior insulation
walls) ~+  Rg-7.0 (R-40) outside of sheathing, or use double stud wall.
Windows -+ U-0.27, SHGC-0.3 (double glazed with low Lower window U-values can be achieved by
conductivity frame) selecting triple glazed windows with low-e
- U-0.27, SHGC-0.5 (double glazed with low coatings, argon gas fill, low conductivity
conductivity frame and high SHGC) spacers, and low conductivity frames.
- U-0.17, SHGC-0.3 (triple glazed with low High Solar Heat Gain Coefficient (SHGC)
conductivity frame) windows can offset heating energy but must
- U-0.17, SHGC-0.5 (triple glazed with low be properly designed with overhangs to
conductivity frame and high SHGC) prevent overheating.
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Component

Slab-On-Grade
Insulation (where
applicable)

Below Grade Insulation
(where applicable)

Air-tightness

Heating System &
Efficiency

Domestic Hot Water
Efficiency

Ventilation HRV
Efficiency

Energy Efficiency Measures Simulated

Full 2” under slab plus skirt
Full 4” under slab plus skirt

Full interior wall insulation, 2x4 with batt

Full interior wall insulation (2x4 with batt) and
2” foam under slab

Full interior wall insulation (2x4 with batt) and
4” foam under slab

Full exterior wall insulation (4” foam) and 4”
foam under slab

1.0 ACH

0.5 ACH

High efficiency condensing furnace (95% AFUE)
Air source heat pump (HSPF 7.4)

High efficiency air source heat pump (HSPF
10.1)

High efficiency DHW (Energy Factor of 0.67)

80% efficient at 0°C (77% at -25°C)

Enclosure Assemblies to Achieve Energy
Efficiency Measures

Add foam insulation below the slab, plus an
insulation ‘skirt’ around the perimeter of the
slab.

Below grade wall insulation can be achieved
with a stud cavity and fibreglass batt
insulation, or better methods such as spray
foam insulation or foam insulation at the
interior or the exterior. Best practices must be
followed to prevent moisture issues in below
grade walls.

More air-tight construction can be achieved
through better detailing of joints, penetrations
and interfaces.

Three groups of EEMs were defined to view the combined energy impact on a log home. These cases were simulated with
10” and 14” Douglas Fir log walls, and 14” Western Red Cedar log walls. The groups are shown in Table 4.7.

Table 4.7
Group

Improved

High Performance

Triple Glazed Windows
and Heat Pump

Groups of EEMs simulated with log home archetypes.

Energy Efficiency Measures

Roof Ry-6.3 (R-36)
Framed walls Rg-4.2 (R-24)

Windows U-0.27, SHGC-0.3 (double glazed with low conductivity frame)
Slab-on-grade full 2” under slab plus skirt (if applicable)
Below grade full interior wall insulation (2x4 with batt) and 2” foam under slab (if applicable)

Air-tightness 1.0 ACH

Air source heat pump, HSPF 7.4 (high efficiency condensing furnace in the North, 95% AFUE)

High efficiency DHW (Energy Factor of 0.67)
High efficiency HRV (80% efficient at 0°C)
Roof Rg-7.7 (R-44)

Framed walls Rg-5.6 (R-32)

Windows U-0.17, SHGC-0.3 (triple glazed with low conductivity frame)
Slab-on-grade full 4” under slab plus skirt (if applicable)
Below grade full exterior wall insulation (4” foam) and 4” foam under slab

Air-tightness 0.5 ACH

Air source heat pump, HSPF 7.4 (high efficiency condensing furnace in the North, 95% AFUE)

High efficiency DHW (Energy Factor of 0.67)
High efficiency HRV (80% efficient at 0°C)

Windows U-0.17, SHGC-0.3 (triple glazed with low conductivity frame)
Air source heat pump, HSPF 7.4 (high efficiency condensing furnace in the North, 95% AFUE)
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4.6. Energy Simulation Results for Archetype 1

Energy simulations were performed for the baseline framed home, log home with various log species and sizes, and log
home with various EEMs. Two goals can be assessed based on the simulation results: first, obtaining an EGH rating of 77
to meet current code, or 80 to meet likely future code levels. Second, obtaining performance as good as the baseline
framed house, particularly since EGH numbers tend to be lower in colder climates.

The following section summarizes the energy simulation results for Archetype 1. Complete results are provided in
Appendix C.

4.6.1 Energy Performance of Baseline Framed Home and Log Home

Fig.4.6 shows the EGH rating numbers simulated for the archetype framed and log houses in five BC climates. Houses that
achieve EGH-77 meet the 2012 BCBC code, as well as houses that are better than the baseline framed house. Houses that
achieve EGH-80 are in a position to meet longer term code requirements. Note that EGH ratings tend to be lower in colder
climates.

The baseline framed house achieves EGH-80 in Abbotsford, EGH-79 in Kamloops, EGH-78 in Whistler and Prince George,
and EGH-75 in Fort Nelson. The log homes are generally lower than the framed house due to the lower R-value of log walls,
with the exception of 18” Western Red Cedar walls, which have a slightly higher R-value than the framed 2x6 walls with
batt insulation. These results show that large logs of the highest R-value wood species would be required to meet current
code with no other energy upgrades, however with future code changes to increase the energy efficiency of homes (i.e. as
the framed wall insulation requirements increase), these houses will not likely meet code. EEMs are required to meet code
through energy modeling or the EnerGuide rating system.
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Fig.4.6  Energy simulation results for baseline framed and log homes, Archetype 1.
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4.6.2 Individual EEMs

Individual enclosure and mechanical EEMs were simulated with the baseline log home to view the impact of each measure.
The majority of the measures improved the EGH rating by zero or one point compared to the baseline log wall. The two
measures with the greatest impact on energy savings were high performance windows and a heat pump for space heating.
Results for windows and heat pumps are shown here, while complete simulation results for all EEMs are provided in
Appendix C.

Fig.4.7 and Fig.4.8 show the simulation results for the baseline framed house, plus a log house with 14” Douglas Fir and
14” Western Red Cedar, respectively, with triple glazed windows or an Air Source Heat Pump (ASHP). The ASHP is not
modeled in locations further north (Prince George and Fort Nelson) due to the design challenges of heat pumps in northern
climates; heat pumps could be investigated in northern climates on a case by case basis. The results show that triple
glazed windows (with a U-value of 0.17) achieve an EGH rating as good as or better than the baseline framed house for
each climate and both log types. With Western Red Cedar logs, triple glazed windows achieve at least EGH-80 in all
climates except Fort Nelson. ASHP’s had the greatest energy savings of all of the EEMs individually; an ASHP achieves over
EGH 80 in the three climates for which it was simulated.

The simulation results for the individual EEMs show that triple glazed windows or ASHP heating systems alone can achieve
compliance with the 2012 BCBC. Other individual EEMs do not have a big enough impact alone to achieve significant
energy savings.
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Abbotsford Kamloops Whistler Prince Fort
George Nelson
Fig.4.7  Energy simulation results for baseline framed house and 14” Douglas Fir log house with EEMs, Archetype 1.
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Fig.4.8 Energy simulation results for baseline framed house and 14” Western Red Cedar log house with EEMs, Archetype 1.
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4.6.3 Groups of EEMs

Fig.4.9 and Fig.4.10 show the energy simulation results for the groups of EEMs (defined in Table 4.7) with 14” Douglas Fir
and Western Red Cedar logs, respectively. The plots show EEM measures for improved enclosure only, and improved
enclosure plus improved mechanical system.

The results show that log homes with a combination of EEMs can achieve EGH-80 in all climates for this archetype house,
and over EGH-80 in the warmer BC climates. The enclosure only improvements result in EGH ratings of 80 to 82 in
Abbotsford, Kamloops and Whistler. The enclosure and mechanical improvements result in EGH ratings of 83 to 84 in
Abbotsford, Kamloops and Whistler. These improvements meet the 2012 BCBC via the EGH rating path (currently requiring
EGH-77), and will likely meet future increases if the requirement goes up to EGH-80.

In the colder climates of Prince George and Fort Nelson, the enclosure only changes result in EGH ratings of 76 to 80, while
the enclosure and mechanical improvements result in EGH ratings of 78 to 81. These changes do not all meet the current
EGH-77 and future EGH-80 target, however they result in much better energy performance than the baseline framed house
and would therefore meet current code under the energy modeling path.
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Fig.4.9 Energy simulation results for groups of EEMs with 14” Douglas Fir log walls, Archetype 1.
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Fig.4.10 Energy simulation results for groups of EEMs with 14” Western Red Cedar log walls, Archetype 1.
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4.7. Energy Simulation Results for Archetype 2

The primary difference between Archetype 1 and Archetype 2 is that Archetype 2 has an L-shaped floor plate (compared to
a square floor plate in Archetype 1), and Archetype 2 has a basement (compared to slab-on-grade in Archetype 1). The
following section summarizes the energy simulation results for Archetype 2. Complete results are provided in Appendix C.

4.7.1 Energy Performance of Baseline Framed Home and Log Home

Fig.4.11 shows the EGH rating numbers simulated for the archetype framed and log houses in five BC climates. Houses
that achieve EGH-77 meet the 2012 BCBC code, as well as houses that are better than the baseline framed house. Note
that EGH ratings tend to be lower in colder climates.

The baseline framed house achieves EGH-77 in Abbotsford, EGH-75 in Kamloops and Whistler, EGH-74 in Prince George,
and EGH-71 in Fort Nelson. The log homes are generally lower than the framed house due to the lower
R-value of log walls, with the exception of 18” Western Red Cedar walls, which have a slightly higher R-value than the
framed 2x6 walls with batt insulation. The EGH ratings for Archetype 2 are lower than the ratings for Archetype 1 due to the
lack of basement insulation; the 2012 BCBC does not require full basement insulation, which results in lower EGH numbers
for houses with basements.

The energy simulation results show that large logs of the highest R-value wood species would be required to meet current
code with no other energy upgrades, however with future code changes to increase the energy efficiency of homes (i.e. as
the framed wall insulation requirements increase), these houses would not likely meet code. EEMs are required to meet
code through energy modeling or the EnerGuide rating system.
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Abbotsford Kamloops Whistler Prince George Fort Nelson
Fig.4.11 Energy simulation results for baseline framed and log homes, Archetype 2.

4.7.2 Individual EEMs

Individual enclosure and mechanical EEMs were simulated with the baseline log home to view the impact of each measure.
The majority of the measures improved the EGH rating by zero or one point compared to the baseline log wall. The two
measures with the greatest impact on energy savings were high performance windows and a heat pump for space heating.
Results for windows and heat pumps are shown here, while complete simulation results for all EEMs are provided in
Appendix C.
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Fig.4.12 and Fig.4.13 show the simulation results for the baseline framed house, plus a log house with 14” Douglas Fir and
14” Western Red Cedar, respectively, with triple glazed windows or an Air Source Heat Pump (ASHP). The ASHP is not
modeled in locations further north (Prince George and Fort Nelson) due to the design challenges of heat pumps in northern
climates; heat pumps could be investigated in northern climates on a case by case basis. The results show that triple
glazed windows (with a U-value of 0.17) achieve an EGH rating better than the baseline framed house for each climate and
both log types. ASHP’s had the greatest energy savings of all of the EEMs individually; an ASHP achieves over EGH 80 in
the three climates for which it was simulated.

The simulation results for the individual EEMs show that triple glazed windows or ASHP heating systems alone can achieve
compliance with the 2012 BCBC. Other individual EEMs do not have a big enough impact alone to achieve significant
energy savings.
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Fig.4.12 Energy simulation results for baseline framed house and 14” Douglas Fir log house with EEMs, Archetype 2.
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Fig.4.13 Energy simulation results for baseline framed house and 14” Western Red Cedar log house with EEMs, Archetype 2.
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4.7.3 Groups of EEMs

Fig.4.14 and Fig.4.15 show the energy simulation results for the groups of EEMs (defined in Table 4.7) with 14” Douglas Fir
and Western Red Cedar logs, respectively. The plots show EEM measures for improved enclosure only, and improved
enclosure plus improved mechanical system.

The results show that log homes with a combination of EEMs can achieve EGH-80 in all climates for this archetype house,
and over EGH-80 in the warmer BC climates. The enclosure only improvements result in EGH ratings of 80 to 83 in
Abbotsford, and 78 to 82 in Kamloops and Whistler. The enclosure and mechanical improvements result in EGH ratings of
84 to 86 in Abbotsford, Kamloops and Whistler. These improvements meet the 2012 BCBC via the EGH rating path
(currently requiring EGH-77), and will likely meet future increases if the requirement goes up to EGH-80.

In the colder climates of Prince George and Fort Nelson, the enclosure only changes result in EGH ratings of 75 to 81, while
the enclosure and mechanical improvements result in EGH ratings of 76 to 83. These changes do not all meet the current
EGH-77 and future EGH-80 target, however they result in much better energy performance than the baseline framed house
and would therefore meet current code under the energy modeling path.

86 " :
14" Douglas Fir
84 = | |
Baseline Framed
82 — —
80 - B Improved Enclosure
5 78 -
w
76 Improved Enclosure &
Mechanical
74
m High Performance Enclosure
72
70 High Performance Enclosure &
Abbotsford Kamloops Whistler Prince  Fort Nelson Mechanical
George
Fig.4.14 Energy simulation results for groups of EEMs with 14” Douglas Fir log walls, Archetype 2.
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Fig.4.15 Energy simulation results for groups of EEMs with 14” Western Red Cedar log walls, Archetype 2.

5197.10 RDH Building Engineering Ltd. - PAGE 41 OF 50



4.8. Energy Simulation Results for Archetype 3

Archetype 3 was modeled using the floor plans for Archetype 1 (square, slab-on-grade), and doubling the floor area to
investigate a larger size log home. The following section summarizes the energy simulation results for Archetype 3.
Complete results are given in Appendix C.

4.8.1 Energy Performance of Baseline Framed Home and Log Home

Fig.4.16 shows the EGH rating numbers simulated for the archetype framed and log houses in five BC climates. Houses
that achieve EGH-77 meet the 2012 BCBC code, as well as houses that are better than the baseline framed house. Note
that EGH ratings tend to be lower in colder climates.

The baseline framed house achieves EGH-77 in Abbotsford, EGH-75 in Kamloops, EGH-74 in Whistler, EGH-73 in Prince
George, and EGH-71 in Fort Nelson. The log homes are generally lower than the framed house due to the lower R-value of
log walls, with the exception of 18” Western Red Cedar walls, which have a slightly higher R-value than the framed 2x6
walls with batt insulation. The EGH ratings for Archetype 3 are lower than the ratings for Archetype 1 due to the larger size;
EGH numbers tend to be lower for larger homes due to the higher energy consumption for space heating.

The energy simulation results show that large logs of the highest R-value wood species would be required to meet current
code with no other energy upgrades, however with future code changes to increase the energy efficiency of homes (i.e. as
the framed wall insulation requirements increase), these houses would not likely meet code. EEMs are required to meet
code through energy modeling or the EnerGuide rating system.

80
78
76 Baseline Framed
M Log, 10" DF
74
M Log, 14" DF
72
Log, 18" DF
o
m 70  Log, 10" WRC
68 Log, 14" WRC
66 LOg, 18" WRC
64
62
60
Abbotsford Kamloops Whistler Prince George Fort Nelson
Fig.4.16 Energy simulation results for baseline framed and log homes, Archetype 3.
4.8.2 Individual EEMs

Not all individual enclosure and mechanical EEMs were simulated with Archetype 3 since the majority of these measures
had only a small impact on energy savings in the previous two archetype simulations. However, the two measures with the
greatest impact on energy were simulated: high performance windows and an air source heat pump.
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Fig.4.17 and Fig.4.18 show the simulation results for the baseline framed house, plus a log house with 14” Douglas Fir and
14” Western Red Cedar, respectively, with triple glazed windows or an Air Source Heat Pump (ASHP). The ASHP is not
modeled in locations further north (Prince George and Fort Nelson) due to the design challenges of heat pumps in northern
climates; heat pumps could be investigated in northern climates on a case by case basis. The results show that triple
glazed windows (with a U-value of 0.17) achieve an EGH rating better than the baseline framed house for each climate and
both log types. ASHP’s had the greatest energy savings of all of the EEMs individually; an ASHP achieves over EGH 80 in
the three climates for which it was simulated.

The simulation results for the individual EEMs show that triple glazed windows or ASHP heating systems alone can achieve
compliance with the 2012 BCBC.
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Fig.4.17 Energy simulation results for baseline framed house and 14” Douglas Fir log house with EEMs, Archetype 3.
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Fig.4.18 Energy simulation results for baseline framed house and 14” Western Red Cedar log house with EEMs, Archetype 3.
4.8.3 Groups of EEMs

Fig.4.19 and Fig.4.20 show the energy simulation results for the groups of EEMs (defined in Table 4.7) with 14” Douglas Fir
and Western Red Cedar logs, respectively. The plots show EEM measures for improved enclosure only, and improved
enclosure plus improved mechanical system.

The results show that log homes with a combination of EEMs can achieve EGH-80 in all climates for this archetype house,
and over EGH-80 in the warmer BC climates. The enclosure only improvements result in EGH ratings of 78 to 82 in
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Abbotsford, and 76 to 81 in Kamloops and Whistler. The enclosure and mechanical improvements result in EGH ratings of
83 to 85 in Abbotsford, Kamloops and Whistler. Most of these improvements meet the 2012 BCBC via the EGH rating path
(currently requiring EGH-77), and will likely meet future increases if the requirement goes up to EGH-80.

In the colder climates of Prince George and Fort Nelson, the enclosure only changes result in EGH ratings of 72 to 80, while
the enclosure and mechanical improvements result in EGH ratings of 74 to 81. These changes do not all meet the current
EGH-77 and future EGH-80 target, however they result in much better energy performance than the baseline framed house
and would therefore meet current code under the energy modeling path.
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Fig.4.19 Energy simulation results for groups of EEMs with 14” Douglas Fir log walls, Archetype 3.
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Fig.4.20 Energy simulation results for groups of EEMs with 14” Western Red Cedar log walls, Archetype 3.

4.9. Thermal Mass

Thermal mass can improve the energy performance of buildings by storing and releasing energy, particularly solar
radiation. For example, a house with thermally massive construction such as concrete or solid wood walls can absorb heat
from the sun during the day and release it back into the house at night. The biggest benefit from thermal mass is typically
seen in mild climates with daily temperature swings, and when thermal mass is insulated from heat loss.
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Log walls are more thermally massive than traditional framed construction. The impact of thermal mass on log home
energy performance was investigated through additional energy modeling to determine whether thermal mass has an
impact on energy savings.

Various computer energy simulation programs model thermal mass differently. The most accurate simulation of thermal
mass is performed using hourly energy modeling calculations, using programs such as EnergyPlus. While the program
HOT2000 is typically used to model energy consumption of houses in Canada, it does not perform hourly calculations.
HOT2000 contains an adjustment factor for thermal mass, however it is not as accurate as an hourly energy simulation
program.

To investigate the impact of thermal mass, energy simulations were performed using two programs: HOT2000 (since it is
typically used to model houses in Canada, and is used to determine an EGH rating), and DesignBuilder (an hourly energy
modeling program that uses the EnergyPlus engine, which more accurately simulates thermal mass). The simulation
results from the two programs are compared to assess the impact of thermal mass in log homes.

49.1 Simulations using HOT2000

In HOT2000, the thermal mass of a house is defined by selecting one of four options:

The default setting for framed houses is “light, wood frame”. For the log home simulations performed in the previous
sections of this study, thermal mass was set to “medium, wood frame” for log homes.

Simulations were run with the same R-values and changing only the thermal mass setting to view the impact of only the
thermal mass on overall energy consumption, using Archetype 1 with 10” Douglas Fir log walls. Energy savings due to
increasing the thermal mass in HOT2000 is very small, and results in no increase in EGH number. Fig.4.21 shows the
percent space heat savings of the HOT2000 thermal mass settings, compared to the standard “light, wood frame” setting,
in five BC climates. The percent savings is less than 2% for all cases, even with mass defined as heavy or very heavy. This
indicates that any thermal mass savings will not provide significant energy benefit when modeled in HOT2000.
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Fig.4.21 Percent savings from changing thermal mass setting in HOT2000, compared to “light, wood frame”, using
Archetype 1.
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4.9.2 Simulations using DesignBuilder / EnergyPlus

In the program DesignBuilder, each enclosure construction is defined by a series of layers that include the thermal
conductivity and the heat capacity of each material. This information is used by the program to calculate the
R-value and thermal mass of each enclosure assembly. In other words, log walls and their thermal mass properties are
modeled explicitly in DesignBuilder.

In order to assess the impact of thermal mass using the program DesignBuilder, the initial model of the log home archetype
#1 was compared to the HOT2000 model. Fig.4.22 shows an image of the DesignBuilder model, which requires drawing
the 3-dimensional geometry of the house. Inputs into the DesignBuilder model were kept the same as HOT2000 inputs as
much as possible, though some adjustments had to be made due to differences between the two programs.

Fig.4.22 Sketch-up drawing of Archetype 1 (left) and DesignBuilder energy simulation of Archetype 1 (right).

The energy consumption modeled in DesignBuilder was compared to the energy modeled in HOT2000 to ensure the
baseline simulations were consistent. For example, Fig.4.23 shows the energy consumption modeled in HOT2000 and
DesignBuilder for the log home Archetype 1 in Prince George. The annual percent difference in heating energy is 3%, and
percent difference of total annual energy consumption is 3% for this case. The DesignBuilder results are generally
consistent with the HOT2000 results, and the DesignBuilder model was used to further investigate the impact of thermal
mass.
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Fig.4.23 Energy consumption of log home Archetype 1 modeled in HOT2000 and DesignBuilder, in Prince George.

Simulations were run using the R-value of the log walls, but changing the construction from framed to solid wood (logs). In
other words, a framed wall construction was created with less batt insulation to yield the same R-value as a log wall. The
two simulations with identical R-values but different thermal mass characteristics were then compared to isolate the
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impact of thermal mass. Simulations were run in three BC climates (Abbotsford, Kamloops and Prince George) since hourly
climate files were not available for the other two locations simulated in HOT2000.

Similar to the HOT2000 models, the results showed very small energy savings with higher thermal mass, with less than 1%
space heat energy savings in each climate. Fig.4.24 shows the percent savings due to thermal mass modeled in
DesignBuilder and HOT2000. The DesignBuilder program simulates higher savings in Kamloops and lower savings in
Abbotsford and Prince George, though savings for all cases is very small and can be attributed to modeling error.
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Fig.4.24 Percent savings from thermal mass of log walls in DesignBuilder compared to framed construction, using
Archetype 1.

4.9.3 Discussion

The energy simulations indicate that thermal mass of log walls has a very small impact on the energy consumption for
space heating. The thermal mass savings in log homes is not significant for several reasons. Firstly, thermal mass has its
greatest benefits when it is insulated at the exterior. Since log walls do not have insulation outside of the thermal mass,
stored energy is largely lost to the exterior instead of the interior. Another factor is the British Columbia climates tend to be
cold in the winter without large daily temperature swings. The biggest benefit from thermal mass is seen in more mild
climates with greater daily temperature swings.

Based on the thermal mass simulations and analysis, the thermal mass effect of log walls does not provide significant
energy savings in log homes relative to wood frame construction.

4.10. Radiant Barrier Coatings

The addition of radiant barrier coatings has been suggested as a possible method of increasing the energy performance of
log walls. These coatings may also be referred to as “insulation coatings” or “low-e coatings”, and are essentially a low
emissivity coating that is applied to the log wall. Radiant barrier coatings work by reducing radiant heat transfer across the
wall. In theory the coating could be applied at either the interior or the exterior, though there may be durability and
weathering concerns if the coating is applied to the exterior.

Radiant barrier coatings cannot be modeled in the program HOT2000, however they can be modeled in the program
DesignBuilder. The DesignBuilder simulation of Archetype 1 (discussed in Section 4.9) was used to investigate the energy
savings of radiant barrier coatings. Radiant barrier coatings are modeled in DesignBuilder by defining the emissivity of the
surface in the wall construction, with a low emissivity at either the interior or the exterior. Data for a “ceramic insulation
coating” from Advanced Coating Solutions LLC was used in the model, with an emissivity of 0.14 (data provided by the
manufacturer). The coating was modeled at the interior of the wall or at the exterior of the wall, and simulation results were
compared to the simulation of the log home without a coating.
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Fig.4.25 shows the percent savings of Archetype 1 with a radiant barrier coating at the interior or the exterior. The model
resulted in less than 1% space heat savings when the coating is placed at the inside surface, and 5% to 8% space heat
savings when the coating is placed at the outside surface (2% to 3% total energy savings). Savings are very small when
the coating is placed at the inside due to the low temperature differences between the wall and the indoor space (less
radiant heat transfer). At the exterior, although the model shows up to 8% space heat savings, the coating would likely not
retain its low emissivity over time due to weathering from the outdoors, and these savings would likely not be realized. The
durability of radiant barrier coatings applied at the exterior should be tested and verified if this approach is to be
considered as an EEM for log homes.
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Fig.4.25 Percent savings from radiant barrier coatings simulated in DesignBuilder using Archetype 1.

Overall, potential energy savings due to radiant barrier coatings are low. Weathering and durability requires further testing
if this measure is to be considered. In addition, there may be aesthetic issues with some coatings.
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5. Conclusions

This study was undertaken to help address three key aspects of building code compliance for log homes: water penetration
control, air-tightness, and energy performance.

The results of the water penetration testing thus far are encouraging. The only water ingress observed was during Module 1
where the observed water ingress was likely a result of poor construction detailing between the edge of the log wall
assemblies and the perimeter buck, and as such these results are likely not representative of the actual wall performance
characteristics. Otherwise, no water ingress was observed during the testing of wall assemblies.

Air-tightness was investigated through lab testing of log walls, and through whole-house air-tightness testing of four
houses. The lab testing was encouraging and showed that all assemblies tested have an air leakage rate much less than
the 2006 BC Building Code air barrier requirement of 0.05 L/s-m? at 75 Pa. Log walls are therefore an acceptable air barrier
material.

For the whole house air-tightness testing, a depressurization test was conducted following the EnerGuide testing procedure
to determine the air change rate at a pressure difference of 50 Pa (ACH,,). The log homes achieved ratings of 2.8 ACH.,, 4.6
ACH,,, and 6.43 ACH.,, while the timber frame house achieved a rating of 1.4 ACH.,. A reasonable target for an energy
efficient new home is 1.5 ACH., (which is the R-2000 standard), and therefore improvements should be made to achieve
better results in the log homes. Investigation of air leakage paths with smoke and infrared thermography showed that air
leakage occurs through corner joints in the log walls, at windows and doors, and at the roof to wall interface. Better
detailing of windows, doors, and roof to wall joints should be investigated. Alternative techniques for creating air-tight
corner joints should also be investigated and tested.

The prescriptive thermal insulation requirement for walls that is provided in the 2012 BC Building Code is difficult to meet
with traditional log wall construction, and can only be achieved with large diameter logs and low conductivity wood
species. However, the code provides alternative compliance paths using whole building computer energy modeling, either
by achieving an EnerGuide rating of 77 or by demonstrating equivalent or better performance compared to a code minimum
reference house. The energy simulations show that two energy efficiency measures in particular result in significant
savings; high performance (triple glazed windows) and an air source heat pump. In the archetype houses that were
simulated these measures alone would make the house compliant with the current code energy requirements.
Combinations of these and other energy efficiency measures resulted in EnerGuide ratings of 80 and higher, indicating that
energy efficient enclosures and mechanical systems together with traditional log walls can meet current and future code
requirements for energy efficiency in British Columbia. Thermal mass and radiant barrier coatings do not provide
significant energy savings in log homes.

Several additional research tasks that go beyond the scope of the present study were identified:

joints, windows and doors, and roof to wall connections.

-+ Perform additional laboratory testing (air and water) to review current practices such as construction of corners of
log walls and various penetrations such as windows.

- Further evaluate the effectiveness of venting the lateral groove, particularly at corners and penetrations.

-+ 0nce improved air-tightness practices have been used to construct a log home, the home should be tested following
the EnerGuide blower door test procedure to assess the air-tightness of a log home with more air-tight construction.

-+ Energy analysis should be completed for other jurisdictions, including the proposed National Building Code
requirements and IECC 2012 requirements, since BC log and timber builders frequently export to other North
American jurisdictions.

5197.10 RDH Building Engineering Ltd. PAGE 49 OF 50



by

Brittany Hanam;,MASc., EIT

wa’rﬁb/her Black, MASc., P. Eng.

) - 4 e}
/ 7/ ‘/{ / /’/ / Aj‘f-f.\i\ {
p // % / —f o : / = , _l'-\
Y LT el Ve
Dave Ricketts, M.Sc., P. Eng., FEC i\ JZ i’; K?Q %
W Ks"'4
ook o

PAGE 50 OF 50 RDH Building Engineering Ltd. 5197.10





