NESEA — Orientation, Site, Climate

Dr John Straube, P.Eng.
University of Waterloo
Ontario Canada

=
£ 5""“%. www.civil.uwaterloo.calbeg BEG

Building Engineering Group

© John Straube 2006

b e




.
—
i
—aaaw
——
 ——— .
i
—— —-
5 =
. P——T
[

g

Where are these?

Why such differences? Art?

+ We usually create buildings to provide an interior

environment
+ Hence, must be aware of exterior environment

¢ Many factors affect comfort, durability, energy

Shape,

Size,
Orientation,
Glazing use




The role of the building enclosure
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Climate Parameters

¢ Start with Climate
+ Basic:

= Temperature

= Humidity

= Sun

= Rain

= Wind
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Climate Zone

* Vernacular experience indicates the type of
buildings that are appropriate
= Vernacular cant help us much with large buildings

¢ Primary Determinants for Buildings
1. Temperature (summer and winter)
2. Humidity (mostly summer)
3. Rain (peak and annual)
4. Wind (esp. winter and summer)

Climate Zone

Climate Zones:
= Hot-Humid
= Hot-Arid
= Mixed
= Cold-Humid
= Cold-Dry
+ Different strategies are used for each




Hot-Humid

Light, highly ventilated enclosure
Orient to breezes

High ceilings

Shade from direct sun

Narrow
plan

Breezeways

Porches
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Wen desgn feaiues
Ifan fabiishs o facng north - south

L Wide spacing bebwesn dwelings 1o snsure good A moeement

1. Namow deph of dwellng %o alow good ar mavemen in all rons

4. Cwarhanging reod 10 the norh and seuih 1o ovide protection fom sun and
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i. Trees io provide shade i the =ast and west walls withoul biocking air movement

- Hot & Cold Arid Climate
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Arid Climate (Hot and Cold)

High mass - moderate temperature
Few or shaded windows

Overhangs for solar shade
Evaporative cooling / solar chimney

Towns:Narrow
Streets

Stocky
Plan

Main design fealirss

1. Comgad penning i minimal atemal =riace o

Z.  Whndows of habisbie rooms onsnisled o e noth and soudh

5 Pbosl winddowes. Bacing omie palics, sather then the edanor of the grep
4, Ghaded pedeslnan Groulabon
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6. Wery limited planting

Cool-Moist

Collect sun in winter
Shade sun in summer
Shelter from rain

Shelter from winter wind
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Main desgn ke o

1, Main habfasle ooms facing noith asd sooth

3. Gonimled space betwesn dweings for air movenen| i the humid s=ason
3, Flanting and ot provids protection Fom fol - dy and oold winds

1. Wl o piowde sore shade o sdard) spaces

5. Medum depth of buiding o allos f=mporany oross venblbsbon: in the humid

Climate Modification

¢ Building & Site (overhangs, trees...)
» Creates microclimate

¢ Building Enclosure (walls, windows, roof...)
= Separates climates
= Passive modification

¢ Building Environmental Systems (HVAC...)
= Use energy to change climate
= Active modification
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Site/Microclimate

¢ SUN - heating or shade

+ WIND - protection, cooling or ventilation
¢ TOPOGRAPHY - hill top versus valley

¢ PLANTING - sun, rain, wind protection

* Ponds, reflective snow, etc

+ QOrientation




FATEIE OF REGICHAL RISTLIFATIC,
SITE USE, AND SITE DESICH FACTORED
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From: DOE Sustainable Technology Manual

“Virtual” Enclosures

* Space can be formed by more than walls
¢ Climate can be modified by more than

walls

¢ Multiple levels of control
= climate

m site

» micro-climate
= enclosure
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Regional microclimate

- cold ar mnks

E.5km 4.5 km

Site-specific microclimate
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Building Microclimate
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Gradients

RAIN/SUN
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Overhangs - Surface -
Drainage - Shelter




Nano-climate

Fastia boand proleclsd by .
me=tal flashing and drip edge

Watar wicks inle kaos
and driss aul Powly

Underside of siting
proleciad from dirgdsl sun
and night-sky radiation, but
rairraaier dropless cling

Wind - cooling, driving rain
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Building Specific Microclimate
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Wind Channeling
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Size: Surface Area to Floor Area

+ Size matters 10 - 12’ storeys
1 - 12’ storey
FA: 100 x 250 = 25000 ; _
SA: = 33400 gi; 120x120= 71;‘:)%%0
Ratio 0.75:1 Ratio 2:1

1 - 10’ store
v The higher the ratio, the less the

FA: 30x 50 = 1500 . .
E SA: ~ 3100 enclosure & climate impact performance
Ratio 0.48:1

Size

¢ Large floor area to enclosure area means
» Less interaction with climate
= Dominated by interior

¢ Smaller buildings and homes are enclosure
dominated

= Climate and enclosure critical
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Internal Gains

¢ Increase in gains = heat loss less important

= Commercial, assembly buildings have larger
cooling problems

+ Energy efficiency reduces this waste heat

= Requires more insulation to reduce heating needs
in cold weather

¢ Solar is a key gain to manage

Grouping
buildings

Grouping buildings

+ Grouping reduces heat loss/gain through
shared walls

City planning has a large
impact on the micro-climate

Large open |
solar absorbing |
and rain ¢
rejecting
surfaces [
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Sun is predictable

Solar Gain (W/m2)
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Solar Gains - July 21 @45 N
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Mother Nature is try to tell you something

Solar Gains - Jan 21 @ 45 N
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Solar Control - Shading

At high noon

vAg
Summer Sun <>
June 21 Y

South Shading
VA
<1> __, Degrees | June 21 | May 10
v T Latitude| Only |to Aug1
Hfgf’ 28 009 | 0.8
f _ 32 0.16 | 025
L 36 0.22 0.33
" 2 e 40 | 029 | 040
i Rt 44 0.37 0.50
Toa 48 0.45 0.59

. vAg
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sou ace
East-West Shading
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“Shade is expensive” = BS

Anaheim,
California

¢ “Plantings are a rural
solution??
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Daylighting
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Daylighting glare control
Solar heating/cooling :

Night ventilation

Building Shape

¢ Alphabet Soup
s HIABE
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Expanded Plans

+ Better daylight, easier ventilation

¢ but more enclosure heat loss and gain and air
leaks so still need better enclosure

Trade offs

¢ Large rectangular buildings have a reduced
surface to volume ratio
= Equals lower heat loss and gain

¢ Complex building shapes increase surface
area
= Heat loss and gain increase
= Require better insulation and solar control

Structure

¢ Structure may provide thermal mass

= Encourage interaction with the interior
e (no carpets, exposed ceiling)
e Allow inside temperature to swing
e The better insulation the greater the mass effect
¢ Thermal mass allows one to
» Shift peak loads

= Collect solar heat or air cool for later
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Website

¢ University of Waterloo
Building Engineering Group
www.civil.uwaterloo.ca/beg

¢ Building Science Textbook at
www.buildingsciencepress.com
www.johnstraube.ca

University of

Waterloo
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