mel62¢ Building Systems

Introduction

Keeping people comfortable and healthwhile they are inside buildings
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. dzi L MWhdt dodh2 people need?

Need that isto stay healthy first and comfortable second?

What arethe design goals of a mechanical engineering person when creating the environment
inside a building such as this one that you are in right now?

This course will examine this question and look at some of the ways that these design goals can
be accomplishe.
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Design Conditions 87

Table 4-4  General Design Criteria
(Adapted from dable 1, Chapter 3, 2007 Handbook—HVAC Applications)

General Specific Inside Design Conditions Circulation, Air
Category Category Winter Summer Air Movement | Changes per Hour Load Profile
Peak at 1to 2 p.m.
Cafererias and T0°Fro 74°F 78°L® 50 fpm ar 6 ft 121015 T
Luncheonettes 20% w0 30% rh 50% rh ahove floor J
N
Peak at 1 to 2 p.m.
I— T70°Fio 74°F T4°F 10 T8°F .
Restaurants 0% 10 30% th 559% (0 60% th 25 to 30 fpm 8to 12 [ \/\
Dining
and Peak at 5 to 7 p.m.
Entertainment Bars 70°F 1o 74°F 74°F 10 78°F 30 fpm ar 6 ft 1510 20
Centers ) 20% w0 30% rh 50% to 60% rh ahove floor : i
. 70°F io 74°F T4°F 1o 78°F below 25 fpmat 5 ft Peak after 8 p.m., off
Nightclubs 20% 1o 30% rh 509% (o 60% th above (Moor 201030 from 2 am. (o4 pan,
Kitchens 70°F to 7T4°F 85°F to 88°F 30 to 50 fpm 12 to 15" | ' f
Peak at 4 p.m.
Office T0°T to 74°1 74°T" to 78°1° 25t0 45 fpm 11010
Buildings 20% 10 30% rh 50% to 60% th 0.75 to 2 cfm/ft? i | E
Peak at 3 p.m.
Average ggi IS gGZ%Frh below 25 fpm 8tol2
Libraries
and -
Museums . . Peak at 3 p.m.
o See Chapter 20, 1999 [andbookTTVAC - )
Archival Npplications below 25 pm 8lol2 t
|pplications
Peak ar 6 to 8 p.m.
Bowling T0°Fro 74°F 75°F 1o T8°F 50 fpmoar 6 ft 01015
Centers 20% w0 30% rh 50% to 55% th ahove floor ol i | 5
Telephone T2°F 1o 7R"F T2°F 1o 78°F - i Varies with location and
Terminal Rooms  |10% to 50% rh 10% to 50% rh 2510 30 fpm 81020 use
Teletype T0°F to 74°F T4°F 1o 78°F 25 @ 30 Fom 81020 Varies with location and
Communicalion | Cenlers 40% 1o 50% rh A5% 10 55% th 2P o use
Centers
Toevigon S |TAF ©T8F TF O T8 below 25 famat 12 15, 49 hages n ighting nd
. 30% to 10% rh 10% to 55% rh ft above floor Cee g
dios people
Peak at 10 a.m. to 9 p.m.
Airport T0°F to 74°F 74°F to 78°F 25t 30 fpmat 6 fi 81012
Terminals 20% o 30% rh 50% 1o 60% rh above (Moor i | :
Peak at 10 a.m. te 5 p.m.
Ship 70°F 1o 74°F 74°F 10 78°F 251030 fpmat 6 it 812
Docks 20% w0 30% rh 50% to 60% th above fMoar f | :
Transpoﬂation
Centers Peak ar 10 a.m. to 5 p.m.
Bus T0°1 to 7471 T4l to 78°L7 25to 30 fpmat 6 ft 81012
Terminals 20% 1o 30% rh 50% to 60% rh above floor /_\
Peak at 10 a.m. (o 5 pm.
B . 4o6
PR ks o oy T
Garages 40°F to 55°F 80°F to 100°T 30 to 75 fpm Refer 0 NFPA :| :
Peak at 10 a.m. 1o 3 p.m.
- " Inside design temperatures for warchouses often
Warehouses depend on the materials stored. trod : | :




ASHRAE Applications Handbook (SI) Commercial and Public Buildings

b

Table 1  General Design Criteria™

Table 1 General Design Criteria® ® (Concluded)

Inside Design Conditions

Circulation,
General Category Specific Category | Winter Summer Air Movement air changes per hour  Noise® Filtering Efficiencies (ASHRAE Standard 52.1) Load Profile Comments
Peak at | 102 p.
Cafeterias and 210 23C 26°C* 025mfsatl8m 121015 " TR Prevaan Al dscaila for pamons waiting
Luncheoncties 2010 36% rh 50% rh above floor HCR0aS0* 35%:0c betier t in serving lines P
AT
Peak ut 1 102 M.
. 2w 230 231 26°C 13015 mis Stl2 o
Restaurants 3010 30% th 5510 60% rh NC 351040 35% or beuter i] :
:)r:;mg Peak at 5107 p.m.
Entenais t 2110 23°C 2310 26°C 0.15Smfsat L8 151020 i Use charcoal for odor control with manual purge control
c:,:le:‘mmm Barg 2010 3% rh 5010 60% th above floor 33 for 106% outside air 10 exhanst 235% prefilters
Nighiclubs and " 211023°C 2310 26°C below 0.13 m/s at 201030 NC 3510 48¢ Use charcoal for odor control with manual purge coatrol f%’:%‘:;:::ﬁ:;f;‘;’:& 1o Provide good air movement but prevent cold
Casinos 2010 30% rh 5010 60% rth 1.5 m above floor for 100% outside air to exhaust £35% prefilters 2 Equipment, 24 hlda':v draftdiscomfort for patrons
. Negative air pressure required for odor
Kitchens 2110 23°C 2910 31°C 0.1510 0.25 m/s 1210 15" NC 4010 50 1010 15% or better I f control. (See also Chapter 30, Kitchen
iy
Peak a1 4 rm.
Office 211023°C 2310 26°C 01310 0.23 mfs 41010 NC 301045 35 10 60% or belter
Buildings 2010 30% rh 5010 60% rh 410 10 Lissm?)
Peak at 3p.M.
Museums, Average A IC below 0.13 m/s Ll NC 351040 35 10 60% or beuer
Libraries, W sakih — Forors )
and Peak at 3 p.M.
Archives 35% prefilters plus charcoal filters
§ L See Chapter 20, Museums, . 8012 NC135 o .
{Also see Chapter 20.) | Archival Librarics, and Aschives below 0.13 m/s 8510 95% final T~
Peakat610 8P,
Bowling 211023°C 241026°C 025 m/sat 1.8 m 101015 NC 4010 50 1010 15%
Centers 2010 30% rh 5010 55% rh above floor ~_
Telephone 2210 26°C 221026°C 0.1310 0.15 mis 81020 to NC 60 85% ar better Varies with location and use Constant temperature and humidity required
Terminal Rooms 4010 50% rh 4010 50% rh ; :
Ci ication
Cénterd - %
enters — 21093C 1110 26°C 310015 15 10 40 NC 151025 35% or better ;:::;:;‘:::N“'];“ hangesint covctant temperature and humidity required
Television Studios 4010 50% rh 4510 55% rh Ri2He 015 s pets
Peak at 10 AM. 109 P
Aimpon 2310 26°C 231026°C below 0.13 m/s at 81012 NC 3510 50 a"::::‘:::%Lm : I N\, Paositive air pressure required in terminal
Terminals 3010 40% rh 4010 55% rh 3.7 m above floor e
Peak at 10 AM. 10 5 P31
Ship 31 10 23°C 2310 26°C 0.13t00.15 m/s at 81012 NC 351050 | 1010 15% i : Positive air pressure required in waiting area
Docks 2010 30% rh 5010 60% rh 1.8 m above floor .
Transportation
Centers Peak ol 10aM. 10 5 p.M.
448, & 0y " 12 NC 351050 35% with exfilration Positive air pressure required in terminal
Bus 2110 23°C 2310 26°C 0.13t00.15 m/s at 8o req
Terminals 2010 30% rh 5010 60% rh 1.8 m above floor
Peak a1 10 AM. T0 5 PM. Negative air pressure required to remove
? fumes; positive air in pressure adjacent
Garages! 410 13°C 271038°C 0.15100.38 m/s 4106 NC35w350 10t 15% ﬁ\ occupied spaces
Peak at 10 AM. 10 3P0,
Warshouses Inside design temperatures for warchouses often T0d taNC TS 1010 35%

depend on the matenials stored.
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TABLE 6-1 MINIMUM VENTILATION RATES IN BREATHING ZONE
(This table is not valid in isolation; it must be used in conjunction with the accompanying notes.)

Default Values
Feople 0“*%‘1‘31 Arfare ’l;::l g‘ll;:ldlg:l OI;EEE;::'“ Combined Du!doof Air Air
Occupancy Category Notes (see Note 4) Rate (see Note 5) (:'lnss
cfm/person | L/s*person | cfm/ft* | L/ssm* #1000 ﬂ:, cfm/person | L/s*person
or #100 m~
Correctional Facilities
Cell 5 25 0.12 0.6 25 10 49 2
Day room 5 25 0.06 03 30 7 35 1
Guard stations 5 25 0.06 03 15 9 45 1
Booking/waiting 7.5 38 0.06 03 50 9 44 2
Educarional Facilities
Daycare (through age 4) 10 5 0.18 0.9 25 17 86 2
Classrooms (ages 5-8) 10 5 0.12 0.6 25 15 74 1
Classrooms (age 2 plus) 10 5 0.12 0.6 35 13 6.7 1
Lecture classroom 7.5 38 0.06 03 65 8 43 1
Lecture hall (fixed seats) 7.5 38 0.06 03 150 8 4.0 1
Art classroom 10 5 0.18 0.9 20 19 9.5 2
Science laboratories 10 5 0.18 0.9 E 25 17 8.6 -
Wood/metal shop 10 5 0.18 09 20 1@ 85 2
Computer lab 10 5 012 0.6 25 15 74 1
Media center 10 5 012 0.6 A 25 15 74 1
Music/theater/dance 10 5 0.06 03 35 12 59 1
Mulfi-use assembly 1.5 38 0.06 0.3 100 8 41 1
Food and Beverage Service
Restaurant dining rooms 7.5 38 0.18 0.9 70 10 51 2
Cafeteria/fast food dining 75 38 0.18 09 100 9 47 2
Bars, cocktail lounges 1.5 38 0.18 0.9 100 9 47 2
General
Conference/meeting 5 25 0.06 03 50 6 31 1
Corridors - - 0.06 03 - 1
Storage rooms - - 012 0.6 B - 1
Hotels, Motels, Resorts, Dormitories
Bedroom/living Room 5 25 0.06 0.3 10 11 55 1
Barracks sleeping areas 5 25 0.06 0.3 20 8 4.0 1
Lobbies/prefimction 7.5 38 0.06 03 30 10 48 1
Multi-purpose assembly 5 25 0.06 03 120 6 28 1




TABLE 6-1 MINIMUM VENTILATION RATES IN BREATHING ZONE (Continuned)
(This table is not valid in isolation; it must be used in conjunction with the accompanying notes.)

Default Values
peole Oun}];:)] Arfare h;]ﬂ E‘ﬁ;dl‘;:] D;;zg:fr Combined Ourdool' Air Air
Occupancy Category Notes (see Note 4) Rate (see Note 5) (:'lnss
cfm/person | L/s*person | cfm/ft* | L/ssm? #/1000 ﬂ:, cfv/person | Lisepersen
or #100 m~
Office Buildings
Office space 5 25 0.06 03 5 17 85 1
Reception areas 5 25 0.06 0.3 30 7 35 1
Telephone/data entry 5 25 0.06 03 60 6 3.0 1
Main entry lobbies 5 25 0.06 03 10 11 55 1
Miscellaneous Spaces
Bank vaults/safe deposit 5 25 0.06 03 5 17 85 2
Computer (not printing) 5 25 0.06 03 4 20 10.0 1
Pharmacy (prep. area) 5 25 0.18 09 10 23 115 2
Photo studios 5 25 0.12 0.6 10 17 8.5 1
Shipping/receiving - - 0.12 0.6 B - 1
Transportation waiting 715 38 0.06 0.3 100 8 41 1
Warehouses - - 0.06 03 B - 2
Public Assembly Spaces
Auditorium seating area 5 25 0.06 0.3 150 5 27 1
fﬁz;es of religious work- 5 25 0.06 03 120 6 3 1
Courtrooms 5 25 0.06 03 70 6 29 1
Legislative chambers 5 25 0.06 03 50 6 31 1
Libraries 5 25 0.12 0.6 10 17 8.5 1
Lobbies 5 25 0.06 03 150 5 27 1
Museums (children’s) 13 38 012 0.6 40 11 53 1
Museums/galleries 15 38 0.06 03 40 Y 4.6 1
Retail
Sales (except as below) 75 38 0.12 0.6 15 16 78 2
Mall common areas 7.5 38 0.06 0.3 40 9 4.6 1
Barber shop 7.5 38 0.06 03 25 10 5.0 2
Beauty and nail salons 20 10 0.12 0.6 25 25 12.4 2
Pet shops (animal areas) 15 38 0.18 0.9 10 26 128 2
Supermarket 15 38 0.06 03 8 15 7.6 1
Coin-operated laundries 7.5 38 0.06 03 20 11 53 2




TABELE 6-1

MINIMUM VENTILATION RATES IN BREATHING ZONE (Continued)
(This table is not valid in isolation; it must be used in conjunction with the accompanying notes.)

Default Values
People 0““]201 Ariare h—':lﬂ g‘ll::\dl;:] ODCZ::Jj?r Combined Du!dnn:‘ Air Air
Occupancy Category Notes (see N ote 1) Rate (see Note 5) (:'lnss
cfm/person | L/s*person | cfm/ft* | L/s*m* #1000 ., | cfm/person | L/s*person
or #100 m~

Sports and Entertainment
Sports arena (play area) - 0.30 15 - 1
Gym. stadium (play area) - 030 15 30 2
Spectator areas 15 38 0.06 03 150 8 40 1
Swimming (pool & deck) - 048 24 C - 2
Disco/dance floors 20 10 0.06 03 100 21 10.3 1
Health club/aerobics room 20 10 0.06 03 40 22 10.8 2
Health club/weight rooms 20 10 0.06 03 10 26 13.0 2
Bowling alley (seating) 10 5 0.12 0.6 40 13 6.5 1
Gambling casinos 7.5 38 0.18 0.9 120 9 4.6 1
Game arcades 15 38 0.18 0.9 20 17 83 1
Stages, studios 10 5 0.06 03 D 70 11 54 1

GENERAL NOTES FOR TABLE 6-1
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2
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Related Requirements: The rates in this table are based on all other applicable requirements of this standard being met.

Smoking: This table applies fo no-smoking areas. Rates for smoking-permutted spaces must be determiuned using other methods. See
Section 6.2.9 for ventilation requirements in smoking areas.

Air Density: Volumetric airflow rates are based on an air density of 0,075 ]bda.-"i‘l']’ (1.2 k}:{da.-"m']"]‘ which corresponds to dry air at a baro-
metric pressure of 1 atm (101.3 kPa) and an air temperature of 70°F (21°C). Rates may be adjusted for actual density butf such adjustment
is not required for compliance with this standard.

Default Occupant Density: The default occupant densify shall be used when actual occupant density 1s not known.

Default Combined Outdoor Air Rate (per person): This rate is based on the delault occupant density.

Unlisted Occupancies: [T'the occupancy category lor a proposed space or zone is not listed, the requirements for the listed occupancy cate-
gory that is most similar in terms of occupant density, activities and building construction shall be used.

Residential facilities, Healthcare faciliries and Vehicles: Rates shall be determined in accordance with Appendix E.

ITEM-SPECTFIC NOTES FOR TABLE 6-1
A For high school and college libraries, use values shown for Public Spaces — Library.
B Rate may not be sulficient when stored materials melude those having potentially harmful emissions.

C

Rate does not allow for humidity control. Additional ventilation or dehumidification may be required to remove moisture.

D Rate does not include special exhaust for stage effects, e g.. dry ice vapors, smoke.
E No class of air has been established for this occupancy category.







