National Exams May 2011
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. A Casio or sharp approved calculator is
permitted.

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)

A 2x6 wood-frame brick veneer wall is made up of the following components:
» 100mm exterior brick (RSl 0.13)

25mm air space (RSl 0.22)

one layer of Tyvek weather-barrier membrane, 0.2mm

12.5 mm plywood sheathing (RS1 0.11)

140mm glass fiber insulation (RSI 3.67)

6 mil polyethylene as vapour and air barrier

12.5mm gypsum board (RSI 0.08)

The interior surface resistance is RS 0.12 and the exterior surface resistance is RSI
0.03. The indoor conditions are kept at 22°C dry-bulb and 30%rh and the average
outdoor temperature in January is at -10°C for. Toronto.

1) Calculate the effective RSI value of the wall assembly using Parallel 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.

2) Although polyethylene is used as air barrier, the contractor did not seal well the
penetrations i.e. electric outlet, as a result air exfiltrates through the wood-frame
walls. Would there be any condensation within the wall assembly due to air
exfiltration? If so, where would the condensation occur? How would you suggest
avoiding the problem if you were to re-design the wall assembly? Support your
solution with calculations. ‘

Question 2 (20 marks):

The typical above-grade wall assembly in Part 9 low-rise residential building is 2x6 wood frame
construction. To improve the energy efficiency of homes, the thermal resistance of walls, roofs,
and below grades will need to be significantly improved. Should the higher energy efficiency
standard requires to build above grade walls with an effective thermal resistance of R30
(RSI15.28)
1) propose one solution that meet the thermal requirements. Use the wall assembly in Q1
as the base case.
2) Comment on the moisture performance of your solution in comparison to the
conventional 2x6 wood-frame wall shown in Q1. B
3) 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.

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. Rrefer to Table 4 from ASRHAE Fundamentals Ch. 26 for the thermal
conductivities of commonly used building materials and Table 8 for vapour permeability of
commonly used building materials. These tables are provided in the appendix.
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Question 3 (20marks)

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 the Figure below. This building is located in

Toronto.

1) What is the maximum surface temperature experienced by the concrete panel?
Assume the wall receives 600W/m? solar radiation in a summer day with outdoor
temperature of 32°C. The soar absorptivity of the dark gray surface is 0.8 and the
outdoor heat transfer coefficient is 20W/m?°C for a calm day.

2) What is the maximum movement this concrete panel experiences? Assume the
design winter temperature is -20°C. The coefficient of linear thermal expansion and

contraction of concrete is 11.7 x10°%/°C.

3) What would be the minimum vertical joint width if a sealant having a movement
capacity of £20% is proposed and the sealant is applied at the mean temperature.

4) Sketch the vertical joint, label the components and the relative dimensions (joint
width and depth), and explain the function of each component.
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Question 4-(20 marks) - -
Part A {5 marks):

Figure a) below shows the design of a basement. Identify the mistakes in the design
and comment on solutions. '

Part B (5 marks):

Figure b) shows the grade connection of a metal curtain wall. Identify the mistakes in
this design and provide the correct connection details.
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Part C (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

i ‘t’-u“‘ -
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Question 5 (20 marks):

1) List three commonly used air barrier systems and provide examples

2) Explain how to avoid roof uplift

3) Explain why a soft joint is normally required between the top of the brick veneer
and the bottom of the shelf angle supporting the bricks of the next storey in a multi-
story buiiding.

4) Explain the difference between an expansion joint and a control joint with the help
of sketches.

5) Figure below shows a typical window/wall connection detail. Explain how the
rainwater is managed in this design.
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1. Wall Assambly 5. Sealant
Cladding (cemaniitious siding} 6. Pro-finished metal fashing with end dam
19mm (%) woad strapping (p.t) 7. Fod-face membranc
Vapouwr parmneabio sheathing mombrano 8 Vapour permeable sheathing membane
Shoalhing 9. Exterior wood tim
Wood framung 38x140mm (2x6) with 10. Intarior wirkiow wim
bait insulation 11. Sioped blocking
Polyathylone 12. Saalant & backer rod
Gypsum board 13. Inseci screen

2. Seasfant bayond

4. ntermiitent sham
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Question 6 (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).

1) Sketch the roof section and iabel the main components

2) Draw a roof plan and show the location of drainage and the detailing of drainage
3) List the potential failures of a low-slope roof with Modified Bitumen mempbrane and
elaborate on how to prevent these failures.

Material properties can be found in the appendix.
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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 =

@ = time during which flow occurs, s

! = thickness, m

U = 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
=U
9 _ule -+ 2
[ ( L o ) ( )

where
g/A4 = heat-flow rate, W/m>
U = overall coefficient of heat transmission, W/(m*K)
t, t, = inside and outside temperature, K

Thermal resistance of compdsite section

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

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

A
Ay, )
A+A, A+ A,
Solar air temperature on vertical surfaces
F oy al
=t +—
e o, . )
hO
where,

te=solar air temperature, in °C

to=outdoor air temperature, in °C

o, solar absorptance; -

I, solar radiation intensity, in W/m?;

h,, the exterior surface heat transfer coefficient, W/m?*°C

Humidity ratio
0.622p, 0.622xRH%x p,,

w=Pw0.622 = = (6)

P p.—-p., P, —-RH%xp,

pw=partial water vapour pressure, Pa
psa=saturated water vapour pressure at temperature °C, Pa
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p~atmospheric pressure, 101325Pa at sea level;

*  Density
p
== , R,=287.1 J/I(kg-K
Pa RT a (kg-K)
p, =L R,=461.5 JI(kgK)
R,T
* Conversion from volume flow to mass flow
L
me=—

v
where, L is volume flow, m?/s;
v is specific volume, kg/m®.

* Dimension change due to thermal expansion
AL -C x Lx At

J, = ALSS,,

where, C; is the coefficient of linear thermal expansion, in 10°°C;

L is the effective length of panel, m

At is the temperature differential, °C

Sm is the sealant movement capacity, %
Ji is the width of the joint, m.
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Table 1:

Waler-Vapour Pressures af Saturation s Various Temperatures over Flane
Surfaces of Pure Water and Puare Ice

Pressure, Pa

Pressure, Pa

Temp., Qver ~ Over Temp.. Over Over Temp., Press., Temp., Press.,
°C ice water *C ice waler M kPa «C kPa
— 50 3.935 6.409 -22 85.02 1054 5 0.8719 33 5.031
-39 4,449 7,134 -2 93.70 115.0 G 0.9347 i4 5.320
~48 5026 2975 | -2 103.2 - 1254 7 1.001 35 5.624
—~47 5671 89181 -19 113.5 136.6 ] 1.072 316 5.942
—d6 6.393 9.961 ~ B 124.8 148.8 4 1147 37 6.276
—45 7.198 1111 -7 13701 161.9 10 1.227 iR 6.626
—d44 8.097 1239 ~-l& 150.6 176.0 L 1312 39 6.993
-4} 9.093 13.79 -15 165.2 191.2 12 1.402 40 7.378
- 42 10.21 15.34 —14 1811 207.6 13 [.497 41 7.780
—4] 11,43 J1T7.04 —13 198.4  225.2 14 1.598 42 8.202
—-40 12.83  18.9) -12  217.2 244.1 15 1.704 43 B.642
-39 14.36 20.97 -1l 237.6 264.4 16 1 817 44 ¢.103
-3 16,06 23.23 -0 2597 286.3 17 1.937 45 9.586
- 37 17.94 25.71 -9 283.7 309.7 18 2.063 46 10.09
=36 20,02 28.42 —8 3097 3348 19 2,196 47 10.62
-35 2233 3139 -7 3319 13618 | 20 23 48 11,17
~-34 24,88 34.63 ~6 3685 390.6 21 2.486 49 11.74
-3] 27.69 38.18 -3 4013 421.3 22 2.G43 0 12.33
-32 30.79 42.05 —4 4372 4545 23 2.80¢ |- 51 12.96
-3} 342t 46.28 —-3 4737 489.8 24 2983 52 13.6]
-30 37.98 50.88 -2 S17.3 52718 15 3167 53 14.29
—-29 42.13 55.89 ~1 5623 567.8 26 3.361 54 15.00
—28 46.69 61.39 0 . 6l10.8 610.8 27 3.568 55 15.74
Triple poinl
- 27 51,70 67.27 +0.01 of water 28 3.780 56 16.51
-26 .20 73,7 I s 656.6 29 4,000 5? 17.31
23 63.23 50K 2 — 705.5 30 4.243 58 19.15
-24 69.85 88,27 3 — 757.5 3t 4,493 59 19.02
=23 77.09 96,49 4 — 8129 312 4.75% 60 19.92
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Table 4 Typical Thermal Properties of Common Building and Insulating Materials: Design Values® (Cortinued)
.Conductivity®? &k, Resistaace R,  Specific Heat,
Description Density, kg/m’ Wim-K} (m2-Ky/w kifkegK)  Refercnce”
Finish Flooriag Materials
Campet and rebounded urcthage pad............. 19 mm 110 — 042 — NIST (2000)
Carpet and rubber pad (one-picce).... 320 — 0.12 — NIST {2000}
Pile carpet with rubber pod...ococceee. 290 — 028 T — NIST (2000).
Linolcum/cork tile . 6.4 mm 465 — 0.09 e NIST (2000)
PVC/Ruabber floor covering .. C- 0.40 —_ — CIBSE (2006)
Rubber tile 25mm 1900 —_ 0.06 - NIST (2000)
Terruzzo 25 mm — — 0014 0.80
Insulating Materials
Blanket and batse? .
Glass-fiber batts ....ccovcccernssvencarransrnene 33 10 90 mm 10w 14 0.043 — 034 Kumaran (2002}
. S0mm 8w 3 0.04510 0.048 — 0.84 Kumaran (2002)
Mineral fiber 140 mm 20 0.056 - 0.84 Kumamn (1996)
Mincral wool, felted 16048 0.040 — — CIBSE (2006), NIST (2000)
65to0 110 0035 — — NIST (2000)
Slag wool 50 to 190 0.038 — —_ Raznjevic (1976)
255 0.040 — —_ Raznjevic (1976)
303 0.043 —_ — Raznjevic (1976}
350 0.048 — - Razmjevic (1976}
400 0.050 — — Raznjovic {1976)
Board and slabs
Cellular glass 130 0.048 — 0.75 (Mamufactures)
Cement fiber slabs, shredded wood 400 to 430 0.072 to 0.076 — —
with Portland cement binder.....civevmivcmisisiines
with magnesia oxysulfide binder......c.amumniin 350 0.082 — 130
Glass fiber board 160 0.032 1o 0.040 —_ 0.84 Kumeras (1996)
Expanded rubber (rigid). 0 06.032 — 1.67 Nottage (1947)
Expsnded polyxtyrene extruded (rmooth skm) 251040 0.022 to 0.030 — 1.47 Kumaran (1906)
Expanded polystyrenc, molded beads... 15 to 23 0.032 10 0.039 — 1.47 Kumaran {1996)
Mineral fiberboard, wet felted 160 0038 — 0.34 Kumaran (1996}
oore or roof insulati 25510 270 0.049 —_ —
scousticel tilo¥ 290 0.050 — 0.80
335 0.033 — —_
wet-molded, acoustica] tiled .....ovoieeirnnecasiacns 370 0.061 — 059 .
Petlite board 160 0.052 — —_— Kumaran (1996)
Polyisacyanurate, aged
unfaced 25035 0.020 ta 0.027 — —_ Kumaran (2002)
with facers 68 o019 — 1.47 Kumarsn {1996)
Phenoclic foan board with facers, aged .....coovcurescnns &5 0.019 — — Kumaran {1996)
Loose fill
Cellulosic (milled paper o woad pulp) eeeeccecomvnnes 5w 30 0.039 to 0.045 —_ 1.38 NIST{2000), Kumaran (1995)
Perlite, expauded 30w 65 0.039 to 0.045 — 109 (Manufacturer)
6510 120 Q.045 to 0.052 — — (Manufacturer)
120 w0 180 0.052 10 0.061 —_ — {Manufacturer)
Mineral fiber (rock, slag. or glass)d ... R
appro. 9q ta 130 mm 10 1030 — " 192 0.71 -
approx. 170 to 220 mm 10 to 30 — 333 —
approx. 190 to 250 mm 10 to 30 - .85 —
approx. 260 to 350 mm 10 to 30 — 526 —
90 mum (closed sidewall application) Ww s —_ 2Llt25 —
Vermiculite, exfoliated 1100 130 0.068 — 134 Sabine etal. (1975)
64 to 96 0.063 — — (Manufacturer)
Spray-applied
Cellulosic fiber 55t0 05 0.042 to 0.049 — —_ Yarbrough ct al. (1987)
Glass fiber S 55170 0.038 to 0.039 — — Yarbrough et al. (1987)
Polyurcthane foam ﬂtw. density) ... e sl ns 608 0.042 —_ 1.47 Kumaren (2002)
40 0.026 — 1.47 Kumaran (2002)
aged and dry. 40 mm 30 — 16 1.47 Kumaran (1956)
50 1inm 53 —_ 1.92 1.47 Kumsran (1996)
. 120 o k{1 — 3.60 —_ Kumaran (1996)
Urcaformaldehyde foam, dry ..coovveeveenos et e stevveaas 810 20 0.030 to 0.032 — — CIBSE (2006)
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Table 8  Waler Vapor Fermeability of Building Materials al Various Relative Humidities

Water
Absorption  Mean Air

Permeability at Various Relative Humidities,

ng/(Pa-s-m) Coefficient, Permeability, References/
Material 10% 0% S0% T0% 90%  (kg-?Vmn? kg/(Pa-s'm) Comments
Building Board and Siding
Ashestos cement board, 3 mum thickness —-— 0660 1T 5 e N/A— Dry cup*
with cil-basc finishes - (0510009 N!A
Cement board, 13 mm, 1130 kg/m? 74 74 93 12 16 0.013 3%10%  Kumaran (2002)
Fiber cement board, 8 mm, 1380 kg/m® 021 0.58 1.6 47 14.8 0025 3% 102  Kumacon (2002)
Gypsum board 21 23 30 Kumaren
asphalt impregpated -— ;M . (1996YNRC
Gypsum wall board, 13 mm, 625 kg/m? 234 272 319 376 447 0.0019< 4.2%10% Kumarm (2002)
with one coat primer 6.83 14.9 220 289 3159 N/A 22x10¥  Kumaren (2002)
with one coat primer/two coats lalex paint L.t 2.1 4.0 80 16.5 N/A 25 » 107  Kumaran (2002}
Hardboard siding, 11 mm, 740 kg/m? 392 428 4.67 510 558 0.00072 435 % 0%  Kumaran {2002)
Oriented strand board (O8B), 9.5 mm, 660 kg/m*  0.0064 0.177 0487 125 3.83 0.0016 1% 10®  Kumaren (2002}
11.1 mm 0.026 0.60 1.23 220 4.08 0.0022 2x 10  Kumaran {2002)
127 mm 0.044 0.244 090 1.70 275 0.0016 1 %109  Kumarmn (2002)
Particlcboard 44 6.0 102 152 Kumaran (1996)
Douglas fir plywood, 12 mm, 470 kg/m? 0.19 0.50 146 19 6.50 000424 4 x [0~ Kumarsn (2002)
15 mm, 5530 kg/m? 0.15 041 1.0 291 799 0,003 1x10°  Kumaran (2002)
Canadian softwoed plywoad, 18 rom, 4435 kg/m? 0.06 0.57 228 6.12 13,30 0.0037 2% 107 Kumaran-(2002)
Plywood (exterior-grade), 12 mm, 580 kg/m?® a6.21 0.36 .80 3. ) Barch ct al.
Wood fiber board, 1§ mm, 320 kg/m3 124 13.6 15.0 164 18.1 0.00094 23» 10?7 Kumaran (2002}
25 mm, 300 kgfm? 718 584 86.7 712 Burch and
- Desjarlais
(1993)
Masonry Materiak
Acrated concrete, 460 kg m® 112 15.9 no 134 50 0.036 §x 10  Kumnran (2002)
600 kg/mo? 18 216 22 42 63 Kumasran (1996}
Cement martar, 1600 kg/m? 136 16.3 20.1 245 02 0.02 L5x 10°  Kumaren {2002}
Clay brick, 100 by 100 by 200 mm, 1980 kefm3 4.14 444 477 SR 5.50 0.17 2to 5% {010 "Kumaran {2002}
Concrete, 2200 kg/n? 126 14 25 6.5 Kumarsn (1996)
Coucrete block (cored, limestone aggregaic), 274 -
200 mm
Lightweight concrete, 1100 kg/m? 123 o114 18.7 Kumaran (1996)
‘Limestone, 2500 kg/m3 Q.26 0.26 026 0.26 0.26 0.00033 negligible  Kumacan (2002)
Perlite board 28 33 82 ¢ Kumarsm (1996)
Plaster, on metal lath, 19 mm - 163
on wood lath - 120
on plain gypsum lath (with studs) 2L7 -
Polystymene concrete, $30 kg/o? . 0.88 11 27 Kumaren {1996)
Portland stucoo mix, 19835 kg/m3 0.81 L13 1.63 231 126 0012 1% 10-1"  Kumarsn (2002)
Tile mesoary, glazed, 100 mm 089 i
Woods
Eastcrn white ccdar, 20 mm, 360 kg/m? 0.013 0.078: 048 303 209 00016 negligible  Kumarea (2002)
(bronsverse) - "
Eastern white pine, 19 mm, 460 kp/m? (transverse) 047 0.17 0.67 2.58 102 0.0056 [x10-12  Kumaren (2002)
Pine 0.35 0.51 11 ad 83 Kumaran (1996)
Southern yellow pinc, 20 mm, 350 kg/md Q.12 0.404 1.37 47 169 0.0014 3x 10-1"  Kumersn {2002}
(transversc)
Spruce (longitudinal) 53 4 8 86 87 Kumaran (1996)
20 mm, 400 kg/m’ (transverse) 037 1.08 13 927 2.5 0.002 5x 10" Kumaren (2002)
Western red cedar, 18 mo, 350 kg/m? (transverse)  0.106 0.228 0.491 1.06 229 0.001 <1 x 10-27  Kumarsn (2002)
Tnsulation
Air (stil) - 174
Cellular glass ———— 0 0
Cellulose insulation, dry blown, 30 kg/m? 12 140 156 168 178 1R 20% |0+ Kumaran (2002)
Corkboard 308 14 :
Glass fiber batt, 11.5 kg/m? 172 1n 172 . 172 172 N/A 25 x 10 Kumaran {2002)
Glass-Eber insulation board, 24 mm, 120 kg/m? 238 152 Burch et al.
facer, 1.6 mm, 880 kg/m3 0.004 0.00251 00184 00389 Burch ctal.
Mincral fiber insulation, 30 to 190 kg/m? 70 88 250 Kumaran (1996)
Mincral wool (usprotected) 245 .
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Table 8 Water Vapoar Permeabilily of Building Materials at Varisus Relative Humidities (Continned

- r
Penmeability at Various Relative Humiditics, Water

ng/(Pars-m)

Abserption  Mean Air
Cocflicient, Pernieability, References/

Maierial 10% 0% 0% T0% 00% (kg Vm? kg/(Pa-s-m} Commenis
Phenolic foam (covenng removed) -— 38
Polystymne
expanded, 14.8kg/m’® . 2.85 3.36 396 4,66 530 N/a Lix10%  Kumaran (2002)
extruded, 28.6 kg/m? 1.22 122 1.22 1.22 1.22 N/A Kumaran (2002)
Polyurethane . -
expanded board stack [(R = 1.94 W/(m2-K)] 0381023
sprayed foam, 39.0 kg/nd? 2 2.3 273 297 322 N/a 1x10-17  Kumaran (2002)
6.510 8.5 ke/m® 875 87.5 813 873 87.5 N/A 42x10° Kumeran (2002)
Polyisocyanurate insulation, 26.5 ka/m?® 4.04 4.56 5.14 3.80 . 6.33 N/A Kumaran (2002)
Pol{isoq]mnunlc glass-mat facer, 0.8 mm, 430 049 0.50 .30 2.9 Burch et al.
&/my
Strectural msulating board, sheathing quality - BTy
interior, uncoated, 13 mm -— 3T T .
Uniocllular synthetic flexible rubber foam 0029
Foil, Pelt, Paper
Bituminous peper (#15 felf, 0.72 mm, 515 g/m?
(tramsverse) 0.29 029 029 Q40 L7 0.0005 25x 106  Kumaran (2002)
Asphalt-impregnated paper
10 min rating, 0.2 mm, 170 g/m? {trantverse) 0.4 043 0.78 1.48 3,06 0.001 L.1% 10 Kumaran {2002)
10 min rting, 0.22 mm, 200 g/m? (transverse) 044 0.74 1.28 231 4.67 0.093 6.6x JIF¢  Kumaran {2002)
60min rating, 0.34 mm, 280 g/m? (transversc) 1.51 1.91 244 A.18 4.24 a.0011 7.1 % 106 Kumaran (2007}
Spun bonded polyalcfin (SBPO)
0.14 to 0.15 mm, 65 g'm? (transverse) 437 437 437 437 4.37 0.0003t 4.6x10-7  Kumaran (2002)
with crinkled merface,
0.1 to 0.11 mm, 67 o/m? (transverse) 3.17 3.7 347 an 3.17 0.00024 Ix 10 Kumarsn (2002)
Wallpaper
paper . 012 L2t 1.7 Kumaran {1996)
rextile ’ 0.05 0.74102.34 Kumaran (1996)
vinyl, 0.205 mun, 170 g/m? {transversc) ' 0.08 0.14 021 012 0.46 0.00025 $x1¢®°  Kumaran (2002)
Other Construction Materials .
Built-up reofing (hot-mopped) 0.0 y
“Exterior insulated finish system (EIES), 4.4 mm 0.09 0.09 a.00 0.09 0.09 0,00053 0 Kumsran (2002)
acrylic, L1140 kgfm?
Glass fiber remforced sheet, - 001
‘aarylie, 1.4 mm
polyester, L2 mm 0013
*Historical drta, no refazence avaiiable N/A ~Notapplicable
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