Mechanical and Electrical Exam Review
Unless otherwise indicated, all references are from MEEB 9th Ed.
AGS: Architectural Graphic Standard
Mechanical and Electrical Exam Review
Unless otherwise indicated, all references are from MEEB 9th Ed.

· Red notes indicate research from MEEB 8th edition

Codes & Regulations:
Incorporate building codes, specialty codes, and other regulatory requirements in the design of mechanical, electrical, plumbing, conveying, and other specialty systems. 

· Control joints: AGS 194, 212, 215–216, 230, 517-518, 523, 529
· ADA (AGS)
· Bathrooms: 971-975

· Bathtubs: 697

· Codes: 952-953

· Communication: 967

· Compliance: 954-955

· Drinking fountain: 698

· Elevator / lift: AGS-963-965 
· Minimum HC elevator dimensions.
· Guardrails: 295

· Toilets: 971-972

· Residential: 974-976

· Fair Housing Guidelines: 937

· Doors: 474, 503, 855, 966

· Symbols: 574
· Egress stair: Max. distance – 773-779
· kjhkjh

· Getting smoke out of a building and pressure difference 783-787
· Mounting height for plumbing fixtures (dimensions for urinal)
Environmental Issues:
A. Building Design: Apply sustainable design principles to the selection, design, and construction of building systems. 

B. Site Planning & Design: Apply sustainable design principles to the selection and design of the site. 

· Sun chart: 78-79
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· Solar angles: 77-88, 1112, Appendix D

· Altitude is the angle of the sun, in Elevation, in relation to the surface of the earth.

· Azimuth is the location of the sun, in Plan, relative to due South.
· Solar energy - passive systems and solar charts & solar path of sun 
· Passive

· Collection and storage of solare heat is integrated into the surfaces of the building.

· Large (optimum) windows allow low winter sun in to the space, the heat of which is collected into thermal mass building elements.

· Roof ponds

· Trombe walls

· Natural Ventilation, 

· Etc.

· Psychrometric chart: 288-294, 423-424
· Psychometry – p129-following 

·  Psychometry is the study of moist air – a complex relationship of temperature, moisture and air (Fig. 4.8a and 4.8b)

· A MAJOR BASIC CONCEPT 

·  Hot air takes up more volume than cold air.  As such, it is able to contain more moisture.  (This is relative humidity.)

· As the temperature, or volume, drop, moisture is extracted from the air itself.  (Dew Point.)

· This causes moisture to occur at a building’s thermal envelope.  (Vapor barriers)

· Also, the mechanical compression of air is what allows us to artificially cool it.  (Air conditioning)

· Humidity also obviously affects human COMFORT in a big way.  This is why moisture must be removed from conditioned air.

· ENTHALPY – combined sensible and latent heat.

· SENSIBLE HEAT – a transfer of temperature which causes a change in temperature to another object (a stove burner heating a pan)

· LATENT HEAT – temperature which causes a change of state (i.e. – water to steam or ice)  Tied closely to moisture.
· SPECIFIC HEAT – the heat-storing capacity of a material – heat potential (concrete stores much heat, grass almost none)
· See pp 131-133 for explanation of psychometric chart.

· Enthalpy: 291-293
· Whole building concepts: (heat loss criteria 207-211)
· Wet bulb and dry bulb, how they relate to each other: 44, 45, 317
· Dry bulb – ambient mixture of air and moisture – typical thermometer

· Wet bulb – an index of low relative humidity.  Measured, literally, with a wet bulb (sling psychrometer) – if the reading is low, this means that the moisture of the psychrometer is not readily evaporating.  This indicates that there is already a great deal of moisture (humidity) in the air.

· Difference between passive and active systems: (passive: 295-329, active: 224-225 49, 212, 373-375)

· Active solar heating uses mechanical equipment to collect and store solar energy.
· Heating / Cooling Degree days: Appendix A, C, Heating Season Calc: 254, passive cooling 296-297

· Degree day

· Comfort zone

· Design strategies for cooling: 55

· Sustainable Design solutions: 21-35, chapter 5 (5.14)
· Renewable and non-renewable energy sources: 3, 9-12, 95-97

· Degree Days: AGS-798, MEEB Appendix A, C, heating 254, passive cooling 296-297
· Trombe wall (in depth), different variations, when to use which variation: 58, 59-62, 256-257, 263-264, Appendix C, see Passive Solar Heating, Thermal Storage.

· Trombe wall overhangs and vertical fins
· Daylight factors: AGS-62, MEEB-63, 197-203, AGS-811-816

· Light quality details: chapter 18

· Solar Hemicycle (FLW): 74
· Environmental issues: 10-11
· Greenhouse concepts: 59-62, 260-263, 271-274
· Sewage Greenhouse Ecosystem: 719-723
· Carbon dioxide emissions: 95, 391, IAQ 333-335, 369, 770, 786, 813-814
· Site drainage: 3, 71-75, 104-112, 755, 758-759
· Xeriscape: 561, 665-667
· Defined as "quality landscaping that conserves water and protects the environment."
· Landscape selection for different climates: 107-112

· Irrigation: chapter 11
· Hydrozone: 558, 561

· Rainwater and site planning: 551

· Wind Patterns / Effects of wind pressure

· Skylight types: 197-203, 137-142, 173-174
· Roof configuration for photovoltaic: 858, also Heating, Cooling, Lighting.
· Life cycle cost analysis: 1711
Plumbing:
A. Principles: Analyze and design plumbing systems. 

B. Materials & Technology: Evaluate and select materials and construction details related to plumbing systems. 

C. Calculations: Perform calculations for plumbing systems. 

· Understand the basic principles 

· Sanitary system: 548, sand filter: 714, drywell: 557, 680, 708
· Storm water system: 741-745
· Water treatment plants: 577-585
· Sewage treatment systems (cistern, cesspool, septic tank, leash field)
· Septic tank: 541, 704-711, 714-728

· Cistern: 537-540, 546-551, 583, 672, 722
· Sewer and sewage disposal; (different ways to do this): 533
· Alternative methods to water supply

· Parts of boiler; water heater; all type of valves; pressure valves (how they look)
· Piping materials; identify (for water supply and waste water system): 649-663, 681-685
· Dissimilar materials
· Economics of piping material selection

· Piping designations

· Density of gasses: (air) 145, 147-157
· Fixture demand factors: AGS-703, MEEB 540, 542-543
· Flow-control roof drains; calculate roof drains, slope of roof and size of drains: 553, 567-569
· Different ways to support pipes: 
· Site drainage: (design) 73-75
· Deep well: 592-593

· Gray water: 735-744

· Gutter sizing: 565-572

· Storage tank / heater DHW: 612

· Rain / ground water: 104-107

· Diameter of pipes -- rainfall calculation, roof drain 

· How do you make water potable? 

· There was a diagram of a water heater. Where would you put the shut off valve & Pressure relief in water tank? 

· Study the difference between Vent Stack and Stack Vent very WELL 

· Study how to vent plumbing fixtures, plumbing systems diagrams, & Water supply distributions systems.  

· 6” rise with 1% slope results in what length of run? 

· ID a shower drain.  Know various types of floor traps, 

· Plumbing codes - How many WCs, Urinals etc required based on the code provided by them.  Fixture calculation based on given chart. Know how to determine the minimum piping diameter (fixture units) from tables (provided on reference section of test).  

· Be familiar with septic tanks, sanitary waste disposal and cisterns--and other various sewage waste disposal systems.  

· What type of sewage system would you use if you have a high water table?  (look at pictures and diagrams in MEEB)

· Static Head, Defined as the pressure, measured in inches of water, available to overcome friction in the entire system. 

· What size water pipe is needed to push water up x amount of feet. 

· What valve is used in building trap & before Sewer? 

· Thrust block 

· Designation for plastic pipes

· Acid Rain

· Know difference between gray and black plumbing systems for residential

· Know water pressure height for a medium rise structure, know psi/ft for head of water, rough psi needed for fixtures (calculations)
· Know your valves  (Review Graphic Standards p. 687)

· Ball Valve
· Butterfly Valve
· Check Valve
· Drain Valve
· Gate Valve
· Globe Valve 
· Needle Valve
· Plug Valve 
· Pressure Relief & Pressure Control Valves
· Safety & Emergency Shut-off Valves
· Angle Valve - technical term for hose bib

HVAC:
A. Principles: Analyze and design heating, ventilating, and air conditioning systems. 

B. Materials & Technology: Evaluate and select materials and construction details related to heating, ventilating, and air conditioning systems. 

C. Calculations: Perform calculations for HVAC systems. 

· The process of heat transfer
· Convection, Conduction, Radiation, Evaporation: chapter 4
· Heat loss Calculations: chapter 4
· Understand the basic principles of thermal transfer. Chapter 4
· Heating / Cooling Degree days: Appendix A, C, heating: 254, passive cooling: 296-297
· Basics of Latent and Sensible heat: 

· Latent: 277, hourly heat gains: 282-283, sizing equipment: 423-424
· Sensible: 277
· Duct insulation: 
· Window ventilation: 26, 27, 102, 343-345
· Thermal storage capacity of materials: 217, 241, 244-246, 294, 298-299, 315-329
· u-value, r-value: 128-129, 130-131 chapter 4
· Displacement ventilation
· Equipment connected to cooling towers: 465-466, 468-471, 581, 584-585
· Converters: 459
· Identify Indoor Air Quality: 331-332, 340-341(testing), 341-343
· Air filters, their advantages: 362-368
· Parts of HVAC: 447 see INDEX for additional references.
· Different HVAC systems, their advantages and disadvantages; how they work
· Desiccant Cooling: 359-362
· It's not the heat, it's the humidity. Often, summertime comfort is not only a function of outdoor temperature but also of relative humidity. During the cooling season, given equal air temperature, people often feel more comfortable at a lower relative humidity. Desiccants remove moisture to improve comfort, air quality, and energy efficiency. Typically, air that is dried by desiccants is subsequently cooled by an air conditioner or evaporative cooler.

· Desiccant materials, which absorb moisture, can be dried, or regenerated, by adding heat supplied by natural gas, waste heat, or the sun. In most systems, a wheel that contains a desiccant turns slowly to pick up humidity from incoming air and discharge that humidity to the outdoors. A desiccant system can be combined with a conventional air conditioning system in which the desiccant removes humidity and the air conditioner lowers air temperature.

· The use of desiccant cooling for residential use is being explored in conjunction with energy recovery ventilators (ERV). An energy recovery ventilator is designed to provide energy recovery in a mechanical ventilation system during the heating season. ERVs recover heat and humidity from indoor air to preheat and humidify incoming fresh air. Desiccant cooling is designed to dehumidify incoming fresh air in the summer. Combined, they make a year-round energy recovery device for homes with mechanical ventilation.

· Because mechanical ventilation replaces conditioned air from inside a home with unconditioned (hot in summer, cold in winter) air from the outside, energy recovery devices which recapture some of that exiting energy improve the efficiency of mechanical ventilation.

· Costing of HVAC systems
· Costing of energy uses

· Zoning: 427-428, 430-435
· Picture of compressor-evaporator-condenser type all in one

· Refrigeration cycle with diagram: 375-379, 381, 412-415, 454
· Cooling load calculations: 191-195, 225-229, 276-288, 293-295
· AHU diagrams: 
· Cooling Tower diagram: 465-466, 468-471, 581, 584-585
· MRT concept: 42
· Calculate BTH/H: 124-127
· Register sizing; given the duct velocity and register velocity: 407-412, 486
· Identify parts: fan, filter, heating coil, cooling coil, and damper

· Passive-active HVAC (solar assisted)

· HVAC system key terms
· Thermal transfer wheel: 146, 353-362, 469
· Thermal comfort and control: 41-55
· Miscellaneous
· Life Cycle definitions and other cost questions. 

· Do not need to know the retail price of systems, just understand which ones are more expensive to install, operate, etc. 

· Power costs for an assortment of appliances... 

· Estimating questions, i.e.: what is the most accurate estimating method? 

· What estimating method would you use during D.D

· Know the various types of HVAC systems 

· What climate conditions they are best suited for which system, their cost & types of building’s they lend themselves. Identify them in diagram form & in terms of components 

· What climates will a heat pump work in and what climates should using a heat pump be avoided? 

· VAV, Single Zone vs. Multizone, fan coil system, Hydronic heating system - identify from diagram, 

· Why you would choose a two pipe versus a three pipes, etc. 

· Understand the refrigeration cycle. 

· Know the various parts of steam heating equipment how it works and identification of parts. 

· Cover details of components, systems, diagrams etc. Relief valves, flush valves, main feeders, flue controls pressure alarms, Pressure relief valve. Etc. 

· Get to know the parts of a chiller and a condenser unit. & boiler diagram 

· Which system is better in a long linear building, a three pipe system or a fan coil system? Certainly one type of system fits better into a particular building design. example: single-duct constant volume –least expensive vs. Fan coil system – expensive installation cost due to using forced air 

· Review boilers, heating systems and furnaces diagrams
· heat generation equipment diagrams  

· AC and distribution systems diagrams. This also includes advantages and disadvantages to the systems, which is good preparation for making the judgment calls necessary at exam time. 

· Ch 15 and 16 (mechanical and electrical) of AGS has tons of diagrams of all sorts of useful things, including smaller parts, which would be useful to know in this context. 

· Interior zone HVAC systems diagrams 

· I.D. an HVAC duct type. (Turning vane or splitter damper). 

· Look through all the charts and figures in MEEB 

· Understand shading devices, vertical fins, horizontal light shelves, etc. 

· Equipment part identifications, i.e. wiring trough, temp. 

· Plan diagrams with location of valves asking what kind of valve? 

· Air changes in a room. 

· Heating in Canada (??) 

· calculations on the R and U assemblies

· a smoke pencil (used to test for air infiltration)

· spread/throw diffuser 

· Heat pump vs. Boiler

· - Heat pump:  a device that warms or cools a building by transferring heat from a relatively low-temperature reservoir to one at a higher temperature.  These usually take hear from the (cooler) earth and bring it into the house or vise-versa for cooling the house.  A fridge is another example, taking heat out of the fridge and putting it into the room.

· -  Boiler:  a tank with a firebox or electric coil that heats a liquid which is then pumped through the building to heat it.

· DX systems & VAV Systems

· -  DX (direct expansion):  an alternative (and more popular choice) to a chilled water system in HVAC.  Is used to cool air containing water vapor.  In a DX system, a refrigerant is used to remove sensible and latent heat from the air and water vapor mixture.  With a chilled water system, a refrigerant is used to chill water.  The chilled water is then used to remove sensible and latent heat from the air and water vapor mixture.

· -  VAV (variable air volume):  a fan system HVAC.  Provides many zones for control at relatively low cost.  Often a single air handler with local boxes for each space.  Can be used with either DX or condenser systems

· Splitter Dampers vs. Turning Vanes 

· -  Splitter Damper:  Not only directs the flow of air but also “controls” the volume of air (can be noisy)

· -  Turning Vane:  directs air around a bend in a duct without adding noise to the system.  Directs the flow of air.

Electrical:
A. Principles: Analyze and design electrical systems. 

B. Materials & Technology: Evaluate and select materials and construction details related to electrical systems. 

C. Calculations: Perform calculations for electrical systems. 

· Service entrances: 933-934, 943, 945, 1001
· Transformer lines/voltages: 937, 938-940, 941-943, 1001-1006, 1606
· Difference between transformers; characteristics; single and three phase
· Different types of phase and wiring systems; what they look like

· Electrical symbols: 1017
· Electrical conduit and wire types: 897, 909-913, 1023
· Single line diagrams: 1039
· Circuits: parallel and series; basic circuits into building (3 phase, etc.): 855, 856
· Identify Electrical devices from pictures

· GFCI circuit breaker; ground concepts: 975, 1007
· Ohm’s Law: 854
· Outlet types: 913?
· 3 way switch diagram: 944-950
 Parts of generator: 994
· Switchgear: 956-959
· Clearance issues

· Load reduction
· Electrical Load calculations : 1033, 1037
· Assumed continuous loads: 998-1001, 1026, 1032
· Disconnects:
· Power factors:
· Underfloor raceways: 934, 924-929
· Understand the basic principles 

· Know Electrical Symbols. 

· Analogy of terms between electric and hydraulic (Ampere is to electric as? is to hydraulic…) 

· ohm’s law 

· Identify a drawing or Images of fuse types. 

· The formula for energy (power) 

· What type conduit would be used underground? 

· Where is Romex cabling prohibited? 

· Information on weather heads 

· Be familiar with interior electrical components and know how distinguish wire diagrams 

· Identify parts to electrical service feed, to three other electrical components 

· Resistance calculations, one that required figuring resistance with either series or parallel wiring.

Lighting:
A. Principles: Analyze and design natural and artificial lighting systems. 

B. Materials & Technology: Evaluate and select materials and construction details related to natural and artificial lighting systems. 

C. Calculations: Perform calculations for lighting systems. 

· Skylight types: 137-142, 173-174, 197-203
· Daylighting: 63, 191-194, 197-203, 772, 1106-1156
· Visual discomfort: VCP 1085
· Lamp types: 1108, 11,57, 1164, 1166, 1184, 1185, 1187, 1190, 1193
· Type of lighting fixture in different styles of architecture; which types are preferred: 1225, 1296-1297 see INDEX
· Fixture types (i.e., lighting distribution); what type of lighting goes best
· Ballasts: 1180-1184
· Lighting patterns: 1213, 1216
· Lighting System: 1213, 1216, 1218
· Factors of zonal cavity method: 1250, 1259
· Study the different methods to calculate lighting needs(if you have to calculate the amount of light needed using the zonal cavity method, remember that the distance used if from the top of work surface) 
· Factors of efficacy: 1108
· Equation to use and how to determine number of light fixtures needed

· LED

· Lighting Efficacy
· Choosing what type of lighting goes best: 1296-1297, 1306, 1313
· Light dimmer / sensor: 1281
· Duplicating lighting of historical space types:
· Alternative lighting systems:
· Illumination levels for specific occupancies:
· Color rendering of lamps: 1100, 1195
· CRI: 1199
· Color / efficiency: 1101
· Color perception phenomena: 1072, 1100, 1102, 1103, 1195-1201
· Material reflectance: 1050, 1051
· Wall reflectance (as percentage of area): 1050, 1051
· Understand the basic principles 

· Identify light fixture types 

· Calculations on opaque wall and windows 

· Be familiar with lighting and applications. 

· Formulas are given to you on Lighting Calculations; just understand how to use it. 

· Lumen calculations from data given, use formula from References 

· Footcandle, Illumination. 

· Cost 

· Light charts, candlepower distribution curves 

· Review windows and skylights, especially as they relate to fire and smoke venting. 

· Pay attention to the Electric / Light chapter and the different bulbs and ballast systems. 

· Know the different Color temperatures for natural vs. bulb lighting 
a. (MEEB goes over a bunch more…and it has a color temperature chart that is good to know) 

· Which type of light has a green tint?

· Questions on daylight factors. Be sure to read over Day lighting System (using the MEEB) 

· Lighting application for different spaces and uses

· What type of lighting would you find on a football field?

· What lighting is best if the ceiling is black?  Direct, indirect…..

· Know all about direct, semi-direct and indirect lighting and their diagrams

· Know electrical infrastructure. (Conduit, wiring types, etc.)

· Be prepared for very specific light fixture questions, i.e. what types of fixtures do not require a ballast, what kind of light pattern do types of fixtures make, what color light do certain fixtures give off etc. 

· Color temperature
Specialties:

A. Acoustics: Evaluate, select, and design acoustical systems. 

B. Communications & Security: Evaluate, select, and design communications and security systems. 

C. Conveying Systems: Evaluate, select, and design elevators, escalators, moving walkways, and other conveying systems. 

D. Fire Detection & Suppression: Evaluate, select, and design fire detection and suppression systems. 

E. Calculations: Perform calculations for specialty systems.

ACOUSTICS

· Absorption in spaces: 1163, 1519, 1553
· Sound diffusion 
· Methods of noise reduction: 1530, 1559
· Impact of openings in sound barrier

· Sound reduction over distance

· Fire rated construction and Sound control (Building Construction Illustrated – Ching: Appendix A)

· Potential acoustical problems such as: creep, flutter, flanking sound

· Calculate transmission loss of a wall using a graph: 1559
· STC: 1556, 1564
· Structural borne noise: 1556, 1559, 1564, 1595
· Basic acoustical questions; different ways to reduce sound transmission 
· Understand the basic principles 

· Materials: 1520, 1552
· Symbols: 1618
· Reverberant: 1528-1530
· Vibration: 1517
· NRC: 1535
· Reflections
· flanking path
· Focusing 

· Diffusion 

· Flutter 

· Echo 

· Attenuation 

· sound dampening 

· Sound Transmission Class (STC) and calculations  (i.e.: sound transmission in a wall with different materials in different areas) 
· Def.:  a single-number average over several frequency bands of a barrier’s ability to reduce sound. The higher the STC rating, the better the barrier’s ability to control sound transmission.  STC would be crucial for party walls between two apartment units for example.....or the floor between upper and lower levels.  STC, therefore, takes on different characteristics that affect the rating....such as wall/floor mass, air space etc.

· Noise Reduction Coefficient (NRC) Sound absorption 

· Def.:  arithmetic average of the absorption coefficients at 250, 500, 1000, and 2000 Hz. It is useful as a single-number criterion for the mid-band effectiveness of a porous absorber. If high or low end frequencies are of interest, NRC is useless. NRC would be critical in design of an auditorium in attempt to provide optimal acoustics (reverb time, etc.), NRC, therefore, responds to actual material properties, i.e. absorptive, reflectance of sound.

· If you quadruple the intensity of a source how many db would it be 

· Where is the best location for speaker in a lecture hall? (Front? Side? Top? Dispersed in the hall?)

SIGNAL EQUIPMENT: chapter 22, 1347, 1354, 1356, 1357, 1362, and 1366
Detector types

Fire detection / alarm and sprinkler system: 791, 830
Security alarm system: 828

Sprinkler System: 786-844
Automation and signaling

Communication and security

CONVEYING SYSTEMS

· Elevator types and advantages/disadvantages to each; understand difference between types: 1442-1445, 1452, chapter 23, see INDEX
· Elevator safety equipment: see INDEX
· What is the average time a person should wait for and elevator? 

· Escalator. Which type would be best in a certain situation? What degree an escalator is. 

· Costs related to different types of elevators and reasons for choosing one over the other. 

· Understand the different types of elevators and the time and cost impacts they have on construction. 

· Calculations on Elevator hoist way areas, (simple math)… 

· Electric vs. hydraulic etc. For example, if an apartment building is being constructed, which type of elevator would be most economical? 

· What size or type of vent should be used in an elevator shaft?

· Why is a sump pump used in a hydraulic elevator?

· Identify Elevator parts: 1386
· Escalators: 772
· Moving ramp: chapter 25, 1478, 1479, 1471, 1485, 1487
FIRE PROTECTION

· Fire doors: (fire exit) 774-775
· Fire separation criteria: (firewall) 780, 782-783
· Fire compartmentalization:
· Stages of fire: 771, 830
· Detectors and applicability: 831-840
· Choice of sprinkler systems for specific building types
· System descriptions: 791-811
· Smoke control: 782-787, 772-779
· Difference between standpipe / sprinkler systems / diagrams: 787-791
· Loss of life
· Fire protection systems...and devices. (MEEB) 

· Fire sprinkler systems
· Know the names of the 4 stages of a fire and what occurs in each. 

· Know the various types of heat/smoke detectors 

· Automatic venting hatch for fire protection. 

· Fire dampers (Where they go, what material they are made off...) 

· Sprinkler layout criteria
 HISTORY IN MEP
· Roman aqueduct 

· Corbusier’s Notre Dame at Ron champ - Lighting 

· the Pantheon in Rome - Lighting 

· The fan window from Gothic architecture 

· Thermal mass and ventilation in one of Palladio's Villas.   

· Acoustical problem found in a Greek theater?
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