National Exams May 2016
07-Bid-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 afe provided in the
appendix of this exam booklet.

07-BId-A7 Building Envelope Design, May 2016 Page 1 of 11



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 diffuse 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 with temperature above its dew point.

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

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.

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 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.

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

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 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, S, frost damage won’t occur regardless of the
number of freeze/thaw cycles the brick is exposed to.

Question 2 (20 marks):

A typical 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 (RS1 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 (RSl 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

2)

3)

4)

Calculate the effective RSl 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.

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

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

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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[n your calculation, you can assume a RSI 0.12 for the interior surface thermal
resistance, a RS| 0.03 for the exterior surface thermal resistance, and a RSl 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°
6,0
/°C.

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.
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L33

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 C

Photo B

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.

Photo 2
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3. (5 marks). As shown in the photo below, cracks and spalling 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.

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 = MA6(p, - p,) (1)

where:
W = total mass of vapor transmitted, ng
M = permeance coefficient, ng/(s-m2~Pa), M =—/;—
6 = time during which flow occurs, s
[ = thickness, m
[ = average permeability, ng/(s'm-Pa)
A = cross-section area of the flow path, m*
(p; - p2) = vapor pressure difference applied across the specimen, Pa.

¢ Conductive heat transmission equation
9
==Ult, -t (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

1
=E=R1+R2+R3 (3)

* Average U-value by parallel method (area-weighted average)

A A
U=—"—U+—2—U, 4)
A+A, A+ A,
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Table 4 Typical Thermal Propetties of Commion Bailding sud Insilating Materials: Design Values® (Continued y

Conductivity" &,

Hexintance K,

Spucific Heat,

Relerence®

Theneiiption Density, kghad WK} (KW klf(ky<K)
Finisk Flooviag Materials
Carpetand rebounded urcthane padiann oo 19 mm 110 o 042 - NIST (200
Carpet und rubber pud (one-piece). ... . 9.5 mm 320 Q.12 NIST (2000}
Pile onrpet with rubber pad. o y ﬁ to 127 mm 290 — 028 NIST (20005
Linoleunfonk Glé e o 64 mam 468 — 008 - NIST (2004
PV Rubber floor covering e inon [OOSR A0 - CIBSE (20060
Raabber (6 i wnwmcmsesaniiasons w48 T 1900 — .06 — NIST (20001
Termuzzo.. 25 mum e e 0.014 .80
Tasulating Materdals
Blankei and bafio?
Glame fiier Batis o oo ronsonanmims 59 10 90 mm 10w 14 043 — 084 Kuraasean (2002)
..... . i 50 um 810 13 0.0145 to U.048 - 0.84 Kunaran (2002)
Mi mcm Vtm aramsere oo 40 A 30 8036 — 044 Kuman (1096)
s 161048 0,040 — — CTRSE (2006), NIST (20005
6510 130 0.035 o ~ NIST (2000
501 190 0.038 — e Raznjevic (19763
255 0,040 — e Rumjevic (1976)
308 ¢.043 - - Ruzjevic (1976)
350 0,048 — — Ruznjevic (1976)
400 0.050 e - Ruznjevie (1976)
Iio\ud mk! sfafu
Celliulw glass...... 130 0.048 — 0.75 (Muifacturer)
Cement fiber slabs, shredded wood 400 o 430 007210 0,076 e -
with Portland cement binder ..o o,
with magnesin oxysulfide bindet .o anme i 350 0,082 — 130
Glaus fiber board 160 0.032 ta 0.040 s .84 Kumaean (1996)
Expanded enbber {cigid) TR 0 0.032 e 1.67 Nottage (1947)
Exponded polystyrens extruded (smosth akkt)m....,.‘.__ 25t 40 0.022te Q.030 . 1.47 Kumzrmn {1996)
Expanded polystyrens, molded beads...... o ivciaion 1510 25 0.032 £ 0.039 - 1.47 Kumaran (1996)
Mineel fibetbonrd, wet felted wommomnmnmennms 160 0,038 —_— 0.84 Kiimarun (1096)
aave arroof insulation . 2551 270 0.049 . e
acoustical tilek 290 050 — 0.80
S A Y A TS8R4 TR R BB B 3338 0,053 — —
wol-molded, acoustionl GBI .o ivresnsnasiannns 370 0.061 o~ 0.59
Potdite Bowrd cioiromomrorimornnis s i 16 4,052 — e Knaran { 1996)
Palyisocyanurale, nged
faced . . 35135 0.020 10 0.027 - Kumarun (2002)
WAL BRZEIR s esssinriersmvsneersss rnens restss ves rese assn s pets sorsesse [ 0.019 — 147 Kuann (1996)
Phenulic foam board with ficers, aged ....ooeeenrvaenn. [ 0.019 — — Kumaran {1996)
Loose ilt
Celhilosic (milled paper or wood pulpﬁ Jen e 35w 30 0.030 1o 0.045 — 128 NIAT (2000), Kunueran (19657
Perlite, expmdcd o bbb sbaes e e 30t ds 0.039 ta 0.045 - 1.0 (Munufactuesr)
Lo W 6510120 (.045 10 0.052 — — (Manufucture)
JR- 120 1w 180 0052 10 0.061 —_ — (Munufactursr)
Mmcml f'f.:-zf (rmk llaa. ar glam)“ “
RO AL R AR nm:m)xx 95 to 130 npim 10030 — 192 071
wapprox. 170 to 220 nws 10030 B 333 -
oo tpprox, 1900 280 mm {01030 o .88 e
coememtpprax, 260 fo 350 nun 1010 30 — 52 —
- Smm (aloled sidewall upplication) 30to 58 = 21te25 e
Vcrtmcuh!v exfolinicd., . ormmmonoononmenmens 110 10 T3 0,068 — {34 Labine et al. (1975)
et s e e s e e et ae s 4 o 06 0,063 — — {(Manufactuer)
Sprqwa;';:lic*d
Callulosic 0w wonen s mo o oo 551003 0042 10 0,049 — — Yarbeough ef sl (1987)
Glass fiber ... . errns st sarendseseserberssasset 551670 0.038 to 0.030 e o Yurbrough st al. (1987}
Po !vumktmr fmm (!ow dcawy) Glol 0042 — 147 Kumaran (2002)
4 0,026 — 147 Kamaran (2002)
3¢ s L6 147 Kumaran (19%5)
54 — 1.92 147 Kumaran { 1996}
k1] — .60 — Famaran ( 1996)
Urcafrmaldehyde foum, dry . oo oo 80 20 Q020 10 0.032 e - CIRSE (2000)
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Table 8 Water Vapor Permeability of Building Materialy at Varicus Relative Humicdities

Permuability a ;;,?;::n‘ﬂf;f;ﬁw Huamiditios, Ah?u:;:;ol Mean Air
h Coefficient, Permeability, References’
Material 109 30%, 0% TO% 0% tkesimd kgA(Pacscm) Comments
Building Board and Siding
Azbioslos cement boord, 3 mum thickness [PPUTURNIRY i ¥ ;1 T N QU ). G—— Dry cup®
with oil-tuse Gnishes e sesncncsnies, 0,0 100 (0% N/A -
Cement board, 13 mm, 1130 kg/m? 74 74 PR 12 16 0013 310 Kumaran (2002)
Fiber cement bonrd, 8 mm, 1380 kg/m? 0.21 0.5% Lé 4.7 148 0.025 3w 107 Kumanan (2002)
Ciypsum boged 21 23 k] Kumaran
asphalt imp regnated - 08 e (199GYNRC
Gyprinn wall board, 13 mm, 625 kg/od nAa .2 kIR EYX] 447 0.0019¢ 4.2% 109 Kusmieun (2002)
with one coat primer 683 14.9 220 259 359 NiA 22% 1% Kumaran (2002)
with one eont primer/bva coats latex paint t4 21 4.0 80 16.3 Hia 23109 Kumaran (2002)
Hardboard siding, 11 mm, 740 kg/m’ 392 4.28 4,67 510 $.58 0.00072 45% 109 Kumaran (2002)
Ortieated strand board (QSB}, 9.5 mum, 660 kg,/mx 0.0064 0177 0487 138 183 0.0016 1%10?  Kumsran 2002)
td mm 0.026 0.60 123 130 448 o002 2109 Kumarn (2002)
2.7 mam 0.044 0.344 090 170 278 04016 [#10%  Kumaran (2002)
Padiclebeand 44 6.0 0.2 152 Kusmsran (1096)
Douglus fir plywood, 12 mm, 470 kg/m? 0.19 Q.59 1.46 L1 6.50 000424 4% 10-11  Kumuran (2002)
L5 pn, S50 kghn? [(A] (5.41 (2] 2,04 199 3,003 1 x 109 Kuwmaran (2002)
Crrusdinn softwood plywood, 18 mm, 448 kg/m! 0.06 0.57 228 G.12 1330 00037 2w 10-1 Kumaran (2002)
Plywaod (exterivr-gmde), 12 mm, 580 kg'm? .21 0.36 0.80 8.62 Burch et al.
Weoad fibor bourd, |1 mm, 320 kgim? 124 13.6 150 164 14,1 0.0€694 5% 1077 Kumaran (2002)
25 wmra, 300 kg/nd 715 584 86.7 772 Bigrch aad
Desjarlais
(19953
Masanry Materiaks
Acratexd conerete, 460 kg/m? 112 159 29 314 50 0.036 52104  Kumaran (2002)
600 kg/m? 18 21.6 22 42 63 Kumaran (1996)
Cement mortar, 1600 kg/m’ 136 165 20 us 302 0.02 5% 10°  Kumamn (2002)
Clay brick, 100 by 100 by 200 mm, 1980 kghm? 4.14 444 471 5.12 5.50 0.1 210 § X 10-19 Kumaran (2002)
Conarvete, 2200 kyg/ra) 1.26 1.4 2.5 6.5 Kumumn {1996)
Conerete block (eored, limestone aggrogaie), [T =
00 o
Lightweight concrete, 1100 kg/m? 123 14 187 Kumomn (1996}
Limestone, 2500 kg/m? 0.26 026 .26 .26 0.26 0,00033 uegligible  Komanm 2000)
Perlite board 28 k] 82 Kumuran (1696)
Plaster, on metal Iatl, 19 mm s 10,3
on wood lath P ¥ | R —
on plain gypaum lath (with studs) PR ———— 3 Ty N ———
Polystyrene wonersts, $30 kg/m? .88 Li 23 Kumaran (1906)
Partland atucoa mix, (985 kg/m? (.81 115 1.63 231 3.26 0012 1o 10-11 Kumaren (2002)
Tile masoury, ghued, 100 mm b, D eemmreemem—
Waads
Fastern white cedar, 20 mum, 360 kgdu® Q.0123 G078 048 303 200 00014 negligible  Kumarm (2002)
{transvere)
Eastern white pine, 19 mm, 460 kg/m? (transverse) 047 017 0.67 2.58 102 Q.0056 1x 1012 Kurnaran (2002)
Pine 0,33 .81 14 KR 6.3 Kumgran (1096)
Scuthern yellow pine, 20 mm, 350 kg/nd @12 0.404 137 A7 169 0.0014 Ax - Kumaron (2002)
{transverse)
Kprucs (longitudinal) ] T4 84 &6 87 Kuensran (1996)
20 pum, 400 ke (tranmverse) 037 1.08 213 9.27 29,5 0.002 $¥ 10" Kumasran (2002)
Weatern red codue, 18 ram, 330 kg/te? Qrsnsvernse) 0,106 0,228 0491 106 220 0.001 <] % 10712 Kusaaoan (200%)
Tnsalation
Atr (sl | S ——
Collular glass L X 1 e ————
Cedluless nsulation, diy blown, 30 kg 12 140 156 168 178 1N 29= 104 Kumapm (2002)
Cotkbeard 30wl 14
Gilases (iber bate, 115 kglm? [ ed [ 172 [k 17 N/A 257004 Kumaran (2002)
Glass-tiber invulation board, 2 mm, 120 kgém? 234 152 Burch et al.
fucer, 1.6 mm, 880 kp/md 0.004 Q00251 00184 00380 Bureh et sl
Mineral fiber insulation, 30 to 190 kg/nd? b 88 280 Kumaran (1996}
Minemlwool (unprotected) 243 E——
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Table 8  Water Vapor Permeability of Building Materials at Various Relative Humidities (Confinued)
Water
Absorption  Mean Air

Permeability at Various Relative Humidities,

ng/(Pars o) Coeflicient, Permeability, References/
Material 10% 30% S0% T0% 0%  (kg-s"3im? kg/(Pa-s'm) Commenis
Phenolic foam (covenng removed) ——— 38— -
Polystyrene
expanded, 14.§ kg/m? 2.85 336 3.96 4.66 5.50 N/A 1= 108 Kumaran (2002)
extruded, 28.6 kg'm? 1.22 122 122 1.22 1.22 N/a Kumaran {2002)
Polywethane
expanded board stock [(R = 1.94 W/(m?-K)] 038 w023
sprayed foam, 39 0kg'm? 2.4 2. 2,75 297 322 N/A 1 x 10-11 Kumaran (2002)
6.5 10 8.5 kg/m® 87.3 87.3 87.5 875 $7.5 N/& 42107 Kumarm (2002)
Polyisocyanuratc insulation, 26.5 kg'm® 4.04 4.56 5.14 5.80 6.55 N/ZA Kumaran {2002}
P‘olyf;jocg’anurnw glass-mat facer, 0.8 mm, 430 049 0.90 1.30 2.29 Burchetal.
cg/on
Structural insulating board, sheathing quality P T X
interior, uncoated, 13 mm ‘e AT206T
Uniccllular synthetic flexible rubber foam 0.029

Foil, Felt, Faper
Bituminons paper (#18 felf), 0.72 mm, 5135 g/m?

(tramsverse) 0.29 029 029 0.40 Li7 0.0003 2.8% 106 Kumaran (2002)
Asphalt-impregnated paper
10 min rating, 0.2 mm, 170 ¢/m? {transverse)  0.24 0.43 0.78 143 .06 0.001 L1Ix 106 Kumarsn (2002)
30 min rating, .22 mm, 200 g/m? (transverse) 0.44 0.74 1.28 231 4.67 0.093 6.6« 10%  Kumaran (2002)
60 min rating, 0.34 mm, 280 g/m? {transverss) 1.51 191 2.44 318 4.24 00011 7.1% 106 Kumaran (2002)
Spun bended polyolefin (SBPQ)
0.14 to 0.15 mm, 65 g'm? (transverse) 4.37 437 437 4.37 437 0.00031 4.6 % 107 Kumaran {(2002)
with erinkled surface,
0.1 to 0.11 mm, 67 g/m? (transverse) 3.17 3.7 317 317 3.17 0.00024 3% 107 Kumaran {2002}
Wallpaper
paper 0.12 1.210 1.7 Kumaran (1996}
textile 0.05 0.74 to 2.34 Kumaran {1996}
vinyl, 0.205 mun, 170 g/m? (transverse) 008 0.14 0.21 .32 0.46 0.00025 §x 109  Kumaran (2002)
Other Construction Materials
Built-up reofing (hot-mopped) -— 00—
Exterior insulated finish system (BIFS), 4.4 mm 0.09 0.09 oR 0.09 0.09 0.00053 0 Kumaran (2002)
acrylic, 1140 kg/m?
Glass fiber reinforced sheet, - 001
acrylic, 1.4 mm
polyester, L2 mm P { X (£ %]
*Historical data, no ref ilabl N{A = Not applicable
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