National Exams May 2017
07-Bld-A7, Building Envelope Design

3 hours duration

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, charts, 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 directly on this question sheet.

No.

Statement

True

False

1

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

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

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

Moisture induced dimensional change is the greatest along the
longitudinal direction in wood.

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.

The suction pressuré 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.

A low-sloped roof must have a minimum slope of 5%

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

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 may be placed anywhere in the building envelope as
long as it is structurally supported and does not need to be
continuous.

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

The optimum glazing cavity thickness is 2" (12.5mm) for both
Argon and Krypton gas filling in a double IGU.

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

Blisters in built-up roof are more frequently interfacial than
interply.

20

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

Question 2 (20 marks):

A 2x6 wood-frame brick veneer wall 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 (RS| 3.67)

12.5mm gypsum board (RSI 0.08)

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 framing factor of 25% can be assumed in the calculation.

Is there any condensation due to vapour diffusion? If so, where would the

condensation occur? Calculate the condensation rate.

3) To avoid vapour diffusion induced condensation within the wall assembly, what is
the required minimum vapour resistance of the vapour retarder?

In your calculation, you can assume a RS! 0.12 for the interior surface film thermal resistance, a
RSI 0.03 for the exterior surface film thermal resistance. The indoor conditions are kept at 22°C
dry-bulb and 40% rh and the outdoor temperature is at -10°C and 80%rh. Material properties and
water vapour saturation pressures are provided in the appendix.

Question 3 (20 marks)

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

slab.
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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.

Question 4 (20 marks):
Part A (12 marks)

1) Complete the horizontal joint in figure below by adding and labeling components.

2) Explain the function of each component.

3) Comment on the requirement of the relative dimensions (give dimensions or range
where you can);

4) With the aid of sketches, explain what sealant failures it would result if the joint is too
wide or too deep.

5) 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 (8 marks)

1) List four forces that can cause rain penetration through building envelopes and
explain how to counter these forces in the design with the help of sketches.

2) Name three commonly used water resistive barrier (WRB) materials, three insulation
materials, and three vapour retarder materials.

3) List the requirements for an air barrier system.

Question 5 (20 marks):

Part A (10 marks)

Windows with a temperature index of 50 are installed in a house located in Toronto and
the indoor conditions are kept at 21°C and 40%rh. The temperature index of these
windows is determined under standard test conditions of -18°C outdoor and 21°C indoor.
Will there be any condensation on the window surfaces under the Mean January
temperature of -12°C? If yes, how to solve the problem?

Part B (10 marks)
The figure below shows a typical window/wall connection detail. The exterior air barrier
approach is used, in which the sealed sheathing membrane functions as the air barrier.

07-Bld-A7 Building Envelope Design, May 2017 Page 4 of 9



1) Use color pen to highlight the air barrier, vapour barrier, water resistive barrier, and
rainwater shedding layer on the drawing. For each critical layer, list the components.

2) Explain how the window manages rainwater.
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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 = MA6(p, - p,) (1)

where:
W = total mass of vapor transmitted, ng

M = permeance coefficient, ng/(s-m*Pa), M =—/}i
g = time during which flow occurs, s

[ = thickness, m

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

A = cross-section area of the flow path, m?

(ps - p2) = vapor pressure difference applied across the specimen, Pa.

= Conductive heat transmission equation
q
==Ult, -1, (2)
A ( )

where
q/A = heat-flow rate, W/m?
U = overall coefficient of heat transmission, W/(m?-K)
t, t, = inside and outside temperature, K

Thermal resistance of composite section

\
R=—=R +R +R (3)
U 1 2 3
< Average U-value by parallel method (area-weighted average)
A A,
U ==l + =t/ (4)

A+ A, A+ A,

¢ Temperature index:

A
L reiem = (‘ -_-T- f_.‘) x IOO

]

where, T,-glass surface temperature, °C
T.-outdoor temperature, °C
T-indoor temperature, °C

Table 1. Material properties

Materials Vapour permeability Vapour permeance
(ng/m s Pa) (ng/m® s Pa)

Exterior brick 512

Air space 6960

Tyvek 4.37

Plywood sheathing 0.8

Fiberglass insulation 172

Gypsum board 21
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