
National Exams May 2016

07-Bld-A7, Building Envelope Design

3 hours duration

NOTES: 

1. If doubt exists as to the interpretation of any question, the
candidate is urged to submit with the answer paper, a clear statement
of any assumptions made.

2. This is a CLOSED BOOK EXAM.
Casio or sharp calculator allowed

3. FIVE (5) questions constitute a complete exam paper.
The first five questions as they appear in the answer book will be
marked.

4. Each question is of equal value.

5. For questions that require an answer in essay format, clarity and
organization of the answer are important.

6. Equations and data required for calculations are provided in the
appendix of this exam booklet.
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Question 1 (20 marks)

1.1: (20 Marks) Decide for each statement whether it is true or false. Provide the
answers direct! on this question sheet.

No. Statement True False

1 It is not possible to have vapor diffuse through a wall in the
direction opposite to air leakage

.

2 Wetting by condensation is promoted on cold indoor surfaces
and on cold surfaces within the construction when moist air is in
contact with surfaces with temperature above its dew point.

3 The SHGC of window is not only influenced by the properties of
glazing but also the configuration of window frame.

4 Cold outdoor air entering through a building enclosure because
of wind, exhaust fans, or stack effect will usually be at a low
relative humidity but at a high humidity ratio.

5 In any climate condition, the vapor barrier is beneficial to
prevent moisture-induced damage if placed on the interior or
indoor side of the wall.

6 The suction pressure on the roof perimeter is more severe when
wind blows perpendicular to the face of the building than when
wind blows towards the corner of the building.

7 The moisture accumulation in the building envelope can induce
material decay and mold growth, but won't affect the thermal
performance of the envelope.

8 Asphalt impregnated building paper can be considered as an air
barrier

9 The principal function of a vapour barrier is to stop or, more
accurately, to retard the passage of moisture as it diffuses
through the assembly of materials in a wall, so the vapor barrier
must be continuous.

10 Air barrier must be installed on the warm side of the wall

11 In cold climate, if the air barrier is positioned on the outside of
the insulation, the air barrier material needs to be 10-20 times
more permeable to water vapor diffusion than the vapor barrier
material.

12 The principal function of masonry mortar is to develop a
complete, strong and durable bond with masonry units. Mortar
must also create a water resistant seal.

13 Differences in air density due to differences in temperature
between indoors and outdoors give rise to stack effect, which
promotes air leakage through a building enclosure and a
generally downward movement of air within a building in cold
weather.
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14 For safety reason it is good to use a mortar that has more
compressive strength than required by the structural
requirements of the project.

15 When given a choice during renovation, insulation should be
placed on the interior of the structure to achieve energy
efficiency.

16 For hygroscopic materials, their vapour permeability changes
with the change of ambient relative humidity. Typically the
vapour permeability increases with the decrease of relative
humidity.

17 Lack of movement joints often results in cracks in brick veneer
walls, especially at corners.

18 An air barrier can also function as water resistive barrier,
vapour retarder, thermal insulation.

19 By filling the double IGU with Argon gas can significantly
increase its thermal resistance.

20 When the water content level of brick is under its critical degree
of saturation. Scrit, frost damage won't occur regardless of the
number of freeze/thaw cycles the brick is exposed to.

Question 2 (20 marks): 
Atypical wood-frame brick veneer wall construction that is commonly used in Part 9
low-rise residential building is made up of the following components:

• 100mm exterior brick (RSI 0.13)
• 25mm air space (RSI 0.22)
• one layer of Tyvek water resistive membrane, 0.2mm
• 12.5 mm plywood sheathing (RSI 0.11)
• 140mm glass fiber insulation (RSI 3.67)
• 6 mil polyethylene as vapour and air barrier
• 12.5mm gypsum board (RSI 0.08)

To improve the energy efficiency of homes, the thermal resistance of walls, roofs, and
below grades will need to be significantly improved.

1) Calculate the effective RSI value of the wall assembly given using the Parallel path
method. The wood stud spacing is 16" at centre, and assume the thermal
conductivity of the wood stud is 0.11W/m-K. The actual dimension of 2x6 wood stud
is 38mm by 140mm. A frame factor of 25% can be assumed in the calculation.

2) Propose one wall configuration to achieve an effective thermal resistance of R40
(RSI 7.0) using the wall assembly given as the base case.

3) Comment on the moisture performance of your solution in comparison to the
conventional 2x6 wood-frame wall given.

4) Sketch a typical floor/wall junction with the wall construction you have chosen. On
your drawing, label and trace the air barrier, vapour barrier, water resistive barrier,
and rain shedding surface.
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In your calculation, you can assume a RSI 0.12 for the interior surface thermal
resistance, a RSI 0.03 for the exterior surface thermal resistance, and a RSI 0.22 for
the thermal resistance of rainscreen air cavity. Material properties are provided in the
appendix.

Question 3 (20 marks): 
Part A (16 marks) 

Five meter wide, dark gray, precast concrete spandrel panels are to be used on a
building with allowance made for lateral expansion and contraction. The panels are
anchored at the middle point, as shown in Figure 1. This building is located in Montreal.

1) What is the maximum movement this concrete panel experiences? Assume the
design winter temperature is -25°C and the maximum cladding temperature is 65°C
The coefficient of linear thermal expansion and contraction of concrete is 11.7 x10-
6/oC

2) What would be the minimum vertical joint width if a sealant with a movement
capacity of ±25% is applied at the annual mean temperature.

3) What would be the minimum vertical joint width is a sealant with a movement
capacity of ±25% is applied at 5°C.

EFFECTIVE LENGTH

POINT OF
rjATTACHMENT

OF THE PANELS

(a) PANELS FIXED AT MID-POINT
Figure 1

4) Sketch the vertical joint and label all components and comment on the requirements
of the relative dimensions of this joint.

5) Explain what sealant failures it would result if the joint is too wide or too deep

6) Explain the difference between single-stage joint and two-stage joint with the help of
sketches, and state the advantages of two-stage joint over single-stage joint.

Part B (4 marks) 

Figure below shows a typical window/wall connection detail. Explain how the rainwater
is managed in this design.
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Question 4 (20 marks)

Design a low-slope, exposed membrane roofing assembly for a warehouse building
located in Toronto. The primary membrane is to be Modified Bitumen (SBS). This
warehouse has a brick veneer steel stud wall assembly.

1) Sketch the roof/wall junction and label the main components for both the roof and
the wall;

2) List the potential failures of a low-slope roof with Modified Bitumen membrane and
elaborate on how to prevent these failures.
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Question 5 (20 marks): 

1. (10 marks) The deteriorated brick shown in photo A was found under the coping in
photo B. The cross section of the coping is shown in photo C.

a) Explain the cause and mechanism which led to this deterioration of the brick,
b) Outline the deficiencies of the design detail of this coping, and
c) Draw the cross section of an effective coping and parapet.

Photo A

Photo B

Photo C

2) (5 marks) In photo shown below, note that icicles are formed at the eaves of a
sloped roof. Explain what has caused it and how to avoid such a problem.

War
Photo 2

07-Bld-A7 Building Envelope Design, May 2016
Page 6 of 11



3. (5 marks). As shown in the photo below, cracks and spatting of bricks are noted at the corner
of this brick veneer wall. Explain what has potentially contributed to this failure and what
should have been done to avoid such a failure.

41i

Photo 3

Question 6 (20 marks) 

Review the case study "the brick is falling". 1) Explain the failure mechanism of this
case with the aid of sketch. 2) Comment on how to avoid such failures from occurring
by providing a cross-section of a brick veneer wall showing the proper wall/floor
connection details.
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Appendix: equations
• Vapor flow equation:

w= mA0031 - p2 (1)

where:
W = total mass of vapor transmitted, ng

M = permeance coefficient, ng/(s-m2•Pa), M = 1
= time during which flow occurs, s

1 = thickness, m
= average permeability, ng/(s•rn-Pa)

A = cross-section area of the flow path, m2
(p1 - 2) = vapor pressure difference applied across the specimen, Pa.

• Conductive heat transmission equation

= — ) (2)

where
q/A = heat-flow rate, W/m2
U = overall coefficient of heat transmission, W/(m2•K)

t, = inside and outside temperature, K

• Thermal resistance of composite section

R —
U 

= R1 + R2 + R3 (3)

• Average U-value by parallel method (area-weighted average)
Al A2U — Ui + u

2 (4)
Al + A2 Al + A2 '1 
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Table 8 t por Pert ability of Building Materials at Various tive

Metterial
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Table 8 Wafer Vapor Permeability of Building Materials at Various Relative I lurnidities (Continued)

%Vat erPermeability at Various RelatiNe Humidities,

Material

ng/(Pai • s • m)

10% 30% SO% 70% 90%

Phenolic foam (covering removed)
Polystyrene

38

capo tided, 14.8 kgim3 2.85 3.36 3.96 4.66 5.50
extruded, 28.6 kg/m3 1.22 1.22 1.2.2 1.22 1.22

Polyurethane
exixinded board. stock [(/1 = 1.94 W/(m2-K)) 0.58 to 2.3
sprayed foam. 39,0 kg/m) 2.34 2.54 2.75 2.97 3.22

6.5 to 8.5 kg/m3 87.5 87.5 87,5 87.5 87.5
Polyisocyanurate insulation, 26.5 kg,,rd 4.04 4.56 5.14 5.80 6.55
Polyisocpzurate glass-mat facer, 0.8 mm, 430

kg/m)
0A9 0.90 1.30 2/9

Structural insulating, board, sheathing quality /9 to 73
iinterior, uncoated, 13 ram 37.2 to 67

0.0/9Unicellular synthetic flexible rubber foam

I4'oil ,, Felt, Paper
Bituminous paper (415 felt), 0.72 mm, 515 g/m2

(transverse) 0.29 0.29 0.29 0.40 1.17
Asphalt-impregnated paper

.10 min rating, 0.2 mm. 170 glin2 (transverse)  0.24 0.43 0.78 1.48 3.06
30min. rating, 0.22 mm, 200 gJm (transverse) 0.44 0.74 1.28 2.31 4.67
60min rating, 0.34 mna, 280 g/m2 (transserse) 1.51 1.91 2.44 3.18 4.24
Spun bonded polyolefin (SBPO)

0.14 to 0.15 mm, 65 stm2 (transverse)
with crinkled surface,

0.1 to 0.11 nun,. 67 inr7 (transverse)

4.37

3.17

4.37

3.17

437

3.17

4.37

3.17

4.37

3,17
Wallpaper

paper 0,12 1.2 to 1,7
textile 0.05 0.74 to 2.,34
vinyl, 0.205 mm, 170 g/m2 (transverse) 0,08 0.14 0.21 0.32 0,46

Other Construction Materials
Built-up roofing (hot-mopped) 0.0
Exterior insulated finish system (MB). 4.4 Mill

acrylic, 1140 kg..1m5
0.09 0.09 0.09 0.09 0.09

Glass fiber reinforced sheet,
acrylic, 1.4 rum
polyester, 1.2 nun

0.01

0.015

-44 a.

*Historical du3, no reference arrilable

07-Bld-A7 Building Envelope Design, May 2016

Absorption Mean Air
Coc Inc ;en t, Permtbr1sfy. References?

kg/(Pn•s-nk) Comments

NIA 1,1 x 10 KLUTI avail (2002)
N/A Kumaran (2002)

NIA 1 x 10-11 Kumar= (2002)
NIA 4,2 x le Kumaran (2002)
N/A Kumaran (2002)

Burch et al.

0.0005 2.5 x 10-6 Kumaran (2002.)

0.001 1.1 x 10-6 1Cumuran (2002)
0.093 6.6 X 10-6 Kumaran (2002)
0.0011 7.1 x 1ft-6 Kumaran (2002)

0.00031 4.6 x 10-7 Kumaran (2002.)

0.00024 3 x 10-:7 Kumaran (2002)

Kumaran (1996)
Kumaran (1996)

0.00025 5 x 10 Kumaran (2002)

0.00053 0 Kumaran (2002)

N/A Not applicable
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