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How to Use
This Book

The concept of this book is that of a personal tool that compacts the
20% of the data that is needed 80% of the time by design professionals
in the preliminary design of buildings of all types and sizes and of the
spaces between.

This tool is meant to always be at one’s fingertips (open on a drawing
board or desk, carried in a briefcase, or kept in one’s pocket). It is never
meant to sit on a bookshelf. It is meant to be used every day!

Because design professionals are individualistic and their practices
are so varied, the user is encouraged to individualize this book over
time, by adding notes or changing data as experience dictates.

The addition of rough construction costs throughout the book (mak-
ing this type of handbook truly unique) will date the data. But building
laws, new technologies, and materials are changing just as fast. There-
fore, this book should be looked on as a starter of simple data collection
that must be updated over time. New editions may be published in the
future. See p. 43 for more information on costs.

Because this book is so broad in scope, yet so compact, information
can be presented only at one place and not repeated. Examples of how
to use the information are provided throughout. Information is pre-
sented in the form of simple ratios or coefficients that replace the need
for commonsense judgment.

The whole book is laid out in checklist format, to be quickly read and
checked against the design problem at hand.

~

Where / | is shown, refer to p. 657-660 for further explanation of
references.

“Notes” pages appear throughout, on which the user is encouraged to
keep further information in the form of notes or sketches.

This book is not a substitute for professional expertise or other books
of a more detailed and specialized nature, but will be a continuing
everyday aid that takes the more useful “cream” off the top of other
sources.

xiii



This page intentionally left blank



GENERAL



NOTES




__A. PRACTICE

(6) (28 57

1. Services: Use “Schedule of A/E (Architectural/Engineer-
ing) Services” on pp. 6-15 to plan the services for building

design.

_ 2 Compensatlo (A/E Fees)

See App. A, item E, for A/E fees as a percentage of

construction cost by building type.

b. Total services fees can be broken down as follows:

__ Schematic design ~ 15%
phase

___ Design develop-
ment 20%

__ Construction 40%
documents

__ Bid/negotiation 5%

__ Construction
administration 20%

100%

be broken out as follows:

__ (1) Civil engineering and
landscape architect

__ (2) Structural engineering

__ (3) Mechanical engineering

__ (4) Electrical engineering

__(5) Other

_ 3.Rules of Thumb for Business Practice

25% Preliminary
design

50% Const. doc.

25% Const.
adm.

100%

c. Of the total A/E fees, standard consultants’ fees can

2510 6%
1t02.5%
4to 10%
4t010%

___a. Watch cash flow: For a small firm, balance check-
book. For a medium or large firm, use cash state-
ments and balance and income statements. Estimate
future cash flow based on past, with 15% “fudge fac-

or,” plus desired profit. Many architects (and busi-
nesses, in general) get in trouble by not immediately
paying their bills (to consultants and vendors) as

they are paid by their clients.

¢. Monitor time by these ratios:

b. Have financial reserves: Six months’ worth.

direct job labor cost

__ (1) Chargeable ratio =

total labor cost

This tells what percent of total labor cost is being
spent on paying work. The higher the percent the
better. Typical range is 55 to 85%, but lower than
65% is poor. However, principals often have a 50%

ratio.
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dollars of revenue
dollars of direct labor

__ (2) Multiplier ratio =

This ratio is multiplied times wages for billing rates.

Usually 2.5 fo 3.0. Will vary with firm and time.

__ (3) Overhead rate: looks at total indirect
expenses as they relate to total direct labor.
An overhead rate of 180 means $1.80 spent
for ea. $1.00 working on revenue-producing
projects.

___ (4) Profit: measured as total revenue minus
expenses. Expressed as percent of total rev-
enue.

Monitor accounting reports: A financial statement

consists of:

__ (1) Balance Sheet: Tells where you are on a
given date by Assets and Liabilities.

__ (2) Earnings Statement (Profit and Loss):
Tells you how you got there by Income less
Direct (job) costs, and Indirect (overhead)
costs = Profit, or Loss.

Mark up for Reimbursable Expenses (travel, print-

ing, etc.): Usually 10%.

Negotiating contracts

___ (1) Estimate scope of services.

__ (2) Estimate time, costs, and profit.

__ (3) Determine method of compensation:

___ (a) Percent of construction cost

__ (b) Lump sum

__ (¢) Hourly rates

___ (d) Hourly rates with maximum “upset”
(“not to exceed”)

Contract checklist

__ (1) Detailed scope of work, no interpretation

necessary.

__ (2) Responsibilities of both parties.

___ (3) Monthly progress payments.

__ (4) Interest penalty on overdue payments.

__ (5 Limit length of construction administra-

tion phase.

__ (6) Construction cost estimating responsibili-

ties.

__(7) For cost-reimbursable contracts, specify a

provisional overhead rate (changes year to
year).
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___ (8) Retainer, applied to fee but not costs.

__(9) Date of agreement, and time limit on con-
tract.

__ (10) Approval of work—who, when, where.

__ (11) Ways to terminate contract, by both parties.

___ (12) For changes in scope, bilateral agreement,
and an equitable adjustment in fee.

__ (13) Court or arbitration remedies and who
pays legal fees.

___ (14) Signature and date by both parties.

__ (15) Limits on liability.

___ (16) Time limit on offer.

__ (17) Putitin writing!
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__B. “SYSTEMS” THINKING (o

In the planning and design of buildings, a helpful, all-inclusive tool
is to think in terms of overall “systems” or “flows.” For each of the
following checklist items, follow from the beginning or “upper
end” through to the “lower end” or “outfall”:

__ 1. People Functions

___a. Follow flow of occupants from one space to
another. This includes sources of vertical trans-
portation (stairs, elevators, etc.) including pathways
to service equipment.

b. Follow flow of occupants to enter building from off
site.

c. Follow flow of occupants to exit building as
required by code, in case of an emergency.

d. Follow flow of accessible route as required by law.

e. Follow flow of materials to supply building (includ-
ing furniture and off site).

___f Follow flow of trash to leave building (including to

off site).

__ g Way finding: do graphics or other visual clues aid

flow of the above six items?

___ 2. Structural Functions
___a. Follow flow of gravity loads from roof down
columns, through floors, to foundations and soils.
___ b. Follow flow of lateral loads:

__ (1) Earthquake from ground up through foun-
dations, columns, walls, floors, and roof.

__ (2) Wind from side walls to roof and floors,
through columns, to foundations and the
earth.

__ (3) Follow flow of uplift loads from wind and
earthquake by imagining the roof being
pulled up and that there are positive con-
nections from roof to columns and walls
(through floors) down to foundations and
the earth.

__ 3.Water, Moisture, and Drainage
__a. Drain the rain. Follow rainwater from highest point

on roof to drain, through the piping system to out-
fall (storm sewer or site) off site.

___ b. Follow rainwater from highest points of site, around
building, to outfall off site.

__ c¢. Follow rain or moisture at exterior walls and win-
dows down building sides or “weeped” through

17
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__ b

C.

assemblies to outfall. Remember: Moisture moves
from more to less. Moisture moves from warm to
cold.

Follow vapor from either inside or outside the build-
ing, through the “skin” (roof and walls) to outfall.
Things get wet. Let them dry out.

Follow water supply from source to farthest point of
use.

Follow contaminated water from farthest point of
use to outfall (sewer main or end of septic tank).
Follow vapor flow into materials over year and
allow for blockage, swelling, or shrinkage.

__ 4. Heat (flows from warm to cold)
__a

Follow sun paths to and into building to plan for
access or blocking.

Follow excessive external (or internal) heat through
building skin and block if necessary.

Follow source of internal heat loads (lights, people,
equipment, etc.) to their “outfall” (natural ventila-
tion or AC, etc.).

___d. Follow heat flow into materials over a year, a day,

___B.Air

a.

__ b

C.

__ ©b.Light
__a

__ b

__ b

etc. and allow for expansion and contraction.

Follow wind patterns through site to encourage or
block natural ventilation through building, as re-
quired.

Follow air patterns through building. When natural
ventilation is used, follow flow from inlets to outlets.
When air is still, hot air rises and cold air descends.
Follow forced air ventilation patterns through build-
ing to address heat (add or dissipate) and odors.
CFM out equals CFM in.

Follow paths of natural light (direct or indirect sun)
to and into building. Encourage or block as needed.
Follow paths of circulation and at spaces to provide
artificial illumination where necessary. This includes
both site and building.

__ 7. Energy and Communications

a.

Follow electric or gas supply from off site to trans-
former, to breakers or panels to each outlet or point
of connection.

Follow telephone lines from off site to TMB to each
phone location.
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Identify potential sound sources, potential receiver
locations, and the potential sound paths between
the two.

Follow sound through air from source to receiver.
Mitigate with distance or barrier.

Follow sound through structure from source to
receiver. Mitigate by isolation of source or receiver.
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__C. SPECIFICATIONS (20,

__ 1. Standard outline for writing specification sections:

a.

General ___ b. Products ___ c¢. Execution

_ 2. Quick checklist on products or materials:

__a
__ b
_
_d.
e

_ 3.Detalile
rials:
_a

A
___4.cosl for
Use thi

What is it and what does it do?

Who is it made by?

How to apply?

What does it cost?

Warranties?

d checklist on evaluating new products or mate-

Structural serviceability (resistance to natural forces
such as wind and earthquake; structural adequacy
and physical properties such as strength, compres-
sion, tension, shear, and behavior against impact
and indentation).

Fire safety (resistance against the effects of fire such
as flame propagation, burnthrough, smoke, toxic
gases, etc.).

Habitability (livability relative to thermal efficiency,
acoustic properties, water permeability, optical
properties, hygiene, comfort, light, and ventilation,
etc.).

Durability (ability to withstand wear, weather resis-
tance such as ozone and ultraviolet, dimensional
stability, etc.).

Practicability (ability to surmount field conditions
such as transportation, storage, handling, toler-
ances, connections, site hazards, etc.).
Compatibility (ability to withstand reaction with
adjacent materials in terms of chemical interaction,
galvanic action, ability to be coated, etc.).
Maintainability (ease of cleaning; repairability of
punctures, gouges, and tears; recoating, etc.).

Code acceptability (review of code and manufac-
turer’s claims as to code compliance).

Economics (installation and maintenance costs).
mat

s section as a checklist of everything that makes or

goes into buildings, to be all-inclusive in the planning and
designing of buildings, their contents, and their surroundings:

a.

Uniformat for preliminary systems planning:

21
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PROJECT DESCRIPTION
10—PROJECT DESCRIPTION
___ 1010 Project Summary
__ 1020 Project Program
__ 1030 Existing Conditions
__ 1040 Owner’s Work
__ 1050 Funding

20—PROPOSAL, BIDDING, AND CONTRACTING
__ 2010 Delivery Method
__ 2020 Qualifications Requirements
__ 2030 Proposal Requirements
___ 2040 Bid Requirements
__ 2050 Contracting Requirements

30—COST SUMMARY
__ 3010 Elemental Cost Estimate
__ 3020 Assumptions and Qualifications
__ 3030 Allowances
__ 3040 Alternates
___ 3050 Unit Prices

CONSTRUCTION SYSTEMS AND ASSEMBLIES

ELEMENT A—SUBSTRUCTURE
__ A10 Foundations
__A1010 Standard Foundations
___ A1020 Special Foundations
__ A1030 Slab on Grade

___ A20 Basement Construction
_A2010 Basement Excavation
__ A2020 Basement Walls

ELEMENT B—SHELL
___ B10 Superstructure
__ B1010 Floor Construction
__ B1020 Roof Construction

__ B20 Exterior Enclosure
_ B2010 Exterior Walls

__ B2020 Exterior Windows
_ B2030 Exterior Doors

__ B30 Roofing
___ B3010 Roof Coverings
___ B3020 Roof Openings
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ELEMENT C—INTERIORS
__ C10 Interior Construction
__ C1010 Partitions
_ C1020 Interior Doors
__ C1030 Fittings

_ C20 Stairs
__ C2010 Stair Construction
__C2020 Stair Finishes

__ C30 Interior Finishes
__C3010 Wall Finishes
__(C3020 Floor Finishes
__ (3030 Ceiling Finishes

ELEMENT D—SERVICES
__ D10 Conveying
__D1010 Elevators and Lifts
___ D1020 Escalators and Moving Walks
__ D1090 Other Conveying Systems

___ D20 Plumbing

__ D2010 Plumbing Fixtures

__ D2020 Domestic Water Distribution
___ D2030 Sanitary Waste

___ D2040 Rain Water Drainage

__ D2090 Other Plumbing Systems

__ D30 Heating, Ventilating, and Air Conditioning (HVAC)
___ D3010 Energy Supply

__ D3020 Heat Generation

__ D3030 Refrigeration

__ D3040 HVAC Distribution

___ D3050 Terminal and Packaged Units

__ D3060 HVAC Instrumentation and Controls

__ D3070 Testing, Adjusting, and Balancing

__ D3090 Other Special HVAC Systems and Equipment

__ D40 Fire Protection

___ D4010 Sprinklers

__ D4020 Standpipes

___ D4030 Fire Protection Specialties

___ D4090 Other Fire Protection Systems

__ D50 Electrical
__D5010 Electrical Service and Distribution
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__ D5020 Lighting and Branch Wiring
__ D5030 Communications and Security
___ D5090 Other Electrical Systems

__ D60 Basic Materials and Methods

ELEMENT E—EQUIPMENT AND FURNISHINGS
__ E10 Equipment
__ E1010 Commercial Equipment
__ E1020 Institutional Equipment
__ E1030 Vehicular Equipment
__ E1090 Other Equipment

__ E20 Furnishings
__ E2010 Fixed Furnishings
___ E2020 Movable Furnishings

ELEMENT F—SPECIAL CONSTRUCTION
AND DEMOLITION

__ F10 Special Construction

___ F1010 Special Structures

__ F1020 Integrated Construction

__ F1030 Special Construction Systems

__ F1040 Special Facilities

__ F1050 Special Controls and Instrumentation

_ F20 Selective Demolition
___ F2010 Building Elements Demolition
__ F2020 Hazardous Components Abatement

ELEMENT G—BUILDING SITEWORK
__ G10 Site Preparation
___G1010 Site Clearing
(1020 Site Demolition and Relocations
__ (1030 Site Earthwork
_ (1040 Hazardous Waste Remediation

__ G20 Site Improvements
__ G2010 Roadways

__ G2020 Parking Lots

_ G2030 Pedestrian Paving
__ G2040 Site Development
__ G2050 Landscaping

__ G30 Site Civil/Mechanical Utilities
__ G3010 Water Supply
__ (3020 Sanitary Sewer
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_ G3030 Storm Sewer

__ G3040 Heating Distribution

__ G3050 Cooling Distribution

__ G3060 Fuel Distribution

__G3090 Other Site Mechanical Utilities

__ G40 Site Electrical Utilities

__G4010 Electrical Distribution

__ 4020 Site Lighting

__ (4030 Site Communications and Security
__G4090 Other Site Electrical Utilities

__ G90 Other Site Construction
_ 9010 Service Tunnels
__GY090 Other Site Systems

ELEMENT Z—GENERAL
___ 710 General Requirements
71010 Administration
__ 71020 Quality Requirements
___ 71030 Temporary Facilities
___ 71040 Project Closeout
_ 71050 Permits, Insurance, and Bonds
__ 71060 Fee

__ 720 Contingencies

__ 72010 Design Contingency

___ 72020 Escalation Contingency
__ 72030 Construction Contingency

__ b. Masterformat for more detailed planning:

INTRODUCTORY INFORMATION
__ 00001 Project Title Page
___ 00005 Certifications Page
___ 00007 Seals Page
___ 00010 Table of Contents
___ 00015 List of Drawings
__ 00020 List of Schedules

BIDDING REQUIREMENTS
__ 00100 Bid Solicitation
_ 00200 Instructions to Bidders
_ 00300 Information Available to Bidders
__ 00400 Bid Forms and Supplements
__ 00490 Bidding Addenda

25
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CONTRACTING REQUIREMENTS
__ 00500 Agreement
__ 00600 Bonds and Certificates
__ 00700 General Conditions
__ 00800 Supplementary Conditions
_ 00900 Addenda and Modifications

FACILITIES AND SPACES
SYSTEMS AND ASSEMBLIES
CONSTRUCTION PRODUCTS AND ACTIVITIES

DIVISION 1—GENERAL REQUIREMENTS
__ 01100 Summary
___ 01200 Price and Payment Procedures
__ 01300 Administrative Requirements
__ 01400 Quality Requirements
__ 01500 Temporary Facilities and Controls
___ 01600 Product Requirements
__ 01700 Execution Requirements
__ 01800 Facility Operation
__ 01900 Facility Decommissioning

DIVISION 2—SITE CONSTRUCTION
__ 02050 Basic Site Materials and Methods
__ 02100 Site Remediation
__ 02200 Site Preparation
_ 02300 Earthwork
__ 02400 Tunneling, Boring, and Jacking
__ 02450 Foundation and Load-Bearing Elements
__ 02500 Utility Services
__ 02600 Drainage and Containment
__ 02700 Bases, Ballasts, Pavements, and Appurtenances
__ 02800 Site Improvements and Amenities
__ 02900 Planting
_ 02950 Site Restoration and Rehabilitation

DIVISION 3—CONCRETE
_ 03050 Basic Concrete Materials and Methods
_ 03100 Concrete Forms and Accessories
_ 03200 Concrete Reinforcement
_ 03300 Cast-In-Place Concrete
_ 03310 Structural Concrete
_ 03330 Architectural Concrete
__ 03340 Low-Density Concrete
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__ 03350 Concrete Finishing
__ 03360 Concrete Finishes
__ 03370 Specially Placed Concrete
__ 03380 Post-Tensioned Concrete
__ 03390 Concrete Curing
__ 03400 Precast Concrete
__ 03500 Cementitious Decks and Underlayment
__ 03600 Grouts
__ 03700 Mass Concrete
__ 03900 Concrete Restoration and Cleaning

DIVISION 4—MASONRY
___ 04050 Basic Masonry Materials and Methods
___ 04200 Masonry Units
___ 04210 Clay Masonry Units
___ 04220 Concrete Masonry Units
__ 04230 Calcium Silicate Masonry Units
___ 04270 Glass Masonry Units
__ 04290 Adobe Masonry Units
__ 04400 Stone
__ 04500 Refractories
___ 04600 Corrosion-Resistant Masonry
__ 04700 Simulated Masonry
__ 04800 Masonry Assemblies
___ 04900 Masonry Restoration and Cleaning

DIVISION 5—METALS
___ 05050 Basic Metal Materials and Methods
__ 05100 Structural Metal Framing
__ 05200 Metal Joists
__ 05300 Metal Deck
__ 05400 Cold-Formed Metal Framing
___ 05500 Metal Fabrications
__ 05510 Metal Stairs and Ladders
__ 05520 Handrails and Railings
__ 05530 Gratings
__ 05540 Floor Plates
__ 05550 Stair Treads and Nosings
___ 05560 Metal Castings
__ 05580 Formed Metal Fabrications
__ 05600 Hydraulic Fabrications
__ 05650 Railroad Track and Accessories
__ 05700 Ornamental Metal
__ 05800 Expansion Control
__ 05900 Metal Restoration and Cleaning

27
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DIVISION 6—WOOD AND PLASTICS
__ 06050 Basic Wood and Plastic Materials and Methods
___ 06100 Rough Carpentry
__ 06110 Wood Framing
__ 06120 Structural Panels
___ 06130 Heavy Timber Construction
_ 06140 Treated Wood Foundations
__ 06150 Wood Decking
__ 06160 Sheathing
__ 06170 Prefabricated Structural Wood
_ 06180 Glue-Laminated Construction
__ 06200 Finish Carpentry
_ 06220 Millwork
__ 06250 Prefinished Paneling
__ 06260 Board Paneling
__ 06270 Closet and Utility Wood Shelving
_ 06400 Architectural Woodwork
_ 06410 Custom Cabinets
__ 06415 Countertops
__ 06420 Paneling
__ 06430 Wood Stairs and Railings
_ 06440 Wood Ornaments
__ 06445 Simulated Wood Ornaments
__ 06450 Standing and Running Trim
__ 06455 Simulated Wood Trim
_ 06460 Wood Frames
06470 Screens, Blinds, and Shutters
__ 06500 Structural Plastics
__ 06600 Plastic Fabrications
__ 06900 Wood and Plastic Restoration and Cleaning

DIVISION 7—THERMAL AND MOISTURE PROTECTION
__ 07050 Basic Thermal and Moisture Protection Materials
and Methods
__ 07100 Dampproofing and Waterproofing
__ 07110 Dampproofing
__ 07120 Built-up Bituminous Waterproofing
__ 07130 Sheet Waterproofing
__ 07140 Fluid-Applied Waterproofing
__ 07150 Sheet Metal Waterproofing
__ 07160 Cementitious and Reactive Waterproofing
__ 07170 Bentonite Waterproofing
__ 07180 Traffic Coatings
__ 07190 Water Repellants
__ 07200 Thermal Protection
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__ 07210 Building Insulation
__ 07220 Roof and Deck Insulation
___ 07240 Exterior Insulation and Finish Systems (EIFS)
__ 07260 Vapor Retarders
__ 07270 Air Barriers
__ 07300 Shingles, Roof Tiles, and Roof Coverings
___ 07310 Shingles (Asphalt, Fiberglass Reinforced, Metal,
Mineral Fiber Cement, Plastic Shakes, Porcelain
Enamel, Slate, Wood, and Wood Shakes)
___ 07320 Roof Tiles (Clay, Concrete, Metal, Mineral Fiber
Cement, Plastic)
__ 07330 Roof Coverings
__ 07400 Roofing and Siding Panels
__ 07410 Metal Roof and Wall Panels
__ 07420 Plastic Roof and Wall Panels
__ 07430 Composite Panels
__ 07440 Faced Panels
__ 07450 Fiber-Reinforced Cementitious Panels
__ 07460 Siding (Aluminum, Composition, Hardboard,
Mineral Fiber Cement, Plastic, Plywood, Steel,
and Wood)
__ 07470 Wood Roof and Wall Panels
__ 07480 Exterior Wall Assemblies
__ 07500 Membrane Roofing
__ 07510 Built-up Roofing
__ 07520 Cold-Applied Bituminous Roofing
___ 07530 Elastomeric Membrane Roofing (CPE, CSPE,
CPA, EPDM, NBP, and PIB)
__ 07540 Thermoplastic Membrane Roofing (EIP, PVC,
and TPA)
__ 07550 Modified Bituminous Membrane Roofing
__ 07560 Fluid-Applied Roofing
__ 07570 Coated Foamed Roofing
__ 07580 Roll Roofing
__ 07590 Roof Maintenance and Repairs
__ 07600 Flashing and Sheet Metal
__ 07610 Sheet Metal Roofing
__ 07620 Sheet Metal Flashing and Trim
__ 07630 Sheet Metal Roofing Specialties
__ 07650 Flexible Flashing
__ 07700 Roof Specialties and Accessories
___ 07710 Manufactured Roof Specialties (Copings, Coun-
terflashing, Gravel Stops and Fascias, Gutters
and Downspouts, Reglets, Roof Expansion
Assemblies, and Scuppers)
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__ 07720 Roof Accessories (Manufactured Curbs, Relief
Vents, Ridge Vents, Roof Hatches, Roof Walk
Boards, Roof Walkways, Smoke Vents, Snow
Guards, and Waste Containment Assemblies)
_ 07760 Roof Pavers
__ 07800 Fire and Smoke Protection
__ 07810 Applied Fireproofing
__ 07820 Board Fireproofing
__ 07840 Firestopping
07860 Smoke Seals
__ 07870 Smoke Containment Barriers
07900 Joint Sealers

DIVISION 8—DOORS AND WINDOWS
_ 08050 Basic Door and Window Materials and Methods
_ 08100 Metal Doors and Frames
08110 Steel
08120 Aluminum
_ 08130 Stainless Steel
_ 08140 Bronze
_ 08150 Preassembled Metal Door and Frame Units
___ 08160 Sliding Metal Doors and Grilles
_ 08180 Metal Screen and Storm Doors
_ 08190 Metal Door Restoration
_ 08200 Wood and Plastic Doors
__ 08300 Specialty Doors
_ 08310 Access Doors and Panels
_ 08320 Detention Doors and Frames
__ 08330 Coiling Doors and Grilles
__ 08340 Special Function
__ 08350 Folding Doors and Grilles
__ 08360 Overhead Doors
_ 08370 Vertical Lift Doors
_ 08380 Traffic Doors
_ 08390 Pressure-Resistant Doors
__ 08400 Entrances and Storefronts
08410 Metal-Framed Storefronts
__ 08450 All-Glass Entrances and Storefronts
_ 08460 Automatic Entrance Doors
___ 08470 Revolving Entrance Doors
_ 08480 Balanced Entrance Doors
__ 08490 Sliding Storefronts
_ 08500 Windows
_ 08510 Steel
08520 Aluminum
_ 08530 Stainless Steel
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__ 08540 Bronze
08550 Wood
__ 08560 Plastic
___ 08570 Composite
__ 08580 Special Function
___ 08590 Window Restoration and Replacement
__ 08600 Skylights
___ 08700 Hardware
__ 08800 Glazing
__ 08810 Glass
__ 08830 Mirrors
__ 08840 Plastic Glazing
__ 08850 Glazing Accessories
__ 08890 Glazing Restoration
___ 08900 Glazing Curtain Wall
__ 08910 Metal-Framed Curtain Wall
__ 08950 Translucent Wall and Roof Assemblies
__ 08960 Sloped Glazing Assemblies
__ 08970 Structural Glass Curtain Walls
08990 Glazed Curtain Wall Restoration

DIVISION 9—FINISHES
___ 09050 Basic Finish Materials and Methods
__ 09100 Metal Support Assemblies
__ 09200 Plaster and Gypsum Board
__ 09300 Tile
__ 09305 Tile Setting Materials and Accessories
09310 Ceramic
09330 Quarry
__ 09340 Paver
__ 09350 Glass Mosaics
__ 09360 Plastic
__ 09370 Metal
__ 09380 Cut Natural Stone Tile
__ 09390 Tile Restoration
__ 09400 Terrazzo
__ 09500 Ceilings
__ 09510 Acoustical
__ 09545 Specialty
__ 09550 Mirror Panel Ceilings
09560 Textured
__ 09570 Linear Wood
___ 09580 Suspended Decorative Grids
09590 Ceiling Assembly Restoration
__ 09600 Flooring
__ 09610 Floor Treatment

31



32 The Architect’s Portable Handbook

__ 09620 Specialty Flooring
09630 Masonry
09640 Wood
__ 09650 Resilient
__ 09660 Static Control
__ 09670 Fluid Applied
09680 Carpet
__ 09690 Flooring Restoration
___ 09700 Wall Finishes
__ 09710 Acoustical Wall Treatment
__ 09720 Wall Covering
__ 09730 Wall Carpet
__ 09740 Flexible Wood Sheets
__ 09750 Stone Facing
___ 09760 Plastic Blocks
__ 09770 Special Wall Surfaces
__ 09790 Wall Finish Restoration
__ 09800 Acoustical Treatment
__ 09810 Acoustical Space Units
__ 09820 Acoustical Insulation and Sealants
__ 09830 Acoustical Barriers
__ 09840 Acoustical Wall Treatment
__ 09900 Paints and Coatings
09910 Paints
_ 09930 Stains and Transparent Finishes
__ 09940 Decorative Finishes
__ 09960 High-Performance Coatings
__ 09970 Coatings for Steel
__ 09980 Coatings for Concrete and Masonry
09990 Paint Restoration

DIVISION 10—SPECIALTIES

10100 Visual Display Boards
10150 Compartments and Cubicles
10200 Louvers and Vents

10240 Grilles and Screens

10250 Service Walls

10260 Wall and Corner Guards
10270 Access Flooring

10290 Pest Control

10300 Fireplaces and Stoves

10340 Manufactured Exterior Specialties
10350 Flagpoles

10400 Identification Devices

10450 Pedestrian Control Devices
10500 Lockers
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10520 Fire Protection Specialties

10530 Protective Covers

10550 Postal Specialties

10600 Partitions

10670 Storage Shelving

10700 Exterior Protection

10750 Telephone Specialties

10800 Toilet, Bath, and Laundry Accessories
10880 Scales

10900 Wardrobe and Closet Specialties

DIVISION 11—EQUIPMENT

11010 Maintenance Equipment

11020 Security and Vault Equipment

11030 Teller and Service Equipment

11040 Ecclesiastical Equipment

11050 Library Equipment

11060 Theater and Stage Equipment

11070 Instrumental Equipment

11080 Registration Equipment

11090 Checkroom Equipment

11100 Mercantile Equipment

11110 Commercial Laundry and Dry Cleaning Equip-
ment

11120 Vending Equipment

11130 Audiovisual Equipment

11140 Vehicle Service Equipment

11150 Parking Control Equipment

11160 Loading Dock Equipment

11170 Solid Waste Handling Equipment

11190 Detention Equipment

11200 Water Supply and Treatment Equipment

11280 Hydraulic Gates and Valves

11300 Fluid Waste Treatment and Disposal Equipment

11400 Food Service Equipment

11450 Residential Equipment

11460 Unit Kitchens

11470 Darkroom Equipment

11480 Athletic, Recreational, and Therapeutic Equipment

11500 Industrial and Process Equipment

11600 Laboratory Equipment

11650 Planetarium Equipment

11660 Observatory Equipment

11680 Office Equipment

11700 Medical Equipment

11780 Mortuary Equipment
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__ 11850 Navigation Equipment
__ 11870 Agricultural Equipment
__ 11900 Exhibit Equipment

DIVISION 12—FURNISHINGS

12050 Fabrics

12100 Art

12300 Manufactured Casework

12400 Furnishings and Accessories

12500 Furniture

12600 Multiple Seating

12700 Systems Furniture

12800 Interior Plants and Planters

12900 Furnishings Restoration and Repair

DIVISION 13—SPECIAL CONSTRUCTION
13010 Air-Supported Structures

13020 Building Modules

13030 Special-Purpose Rooms

13080 Sound, Vibration, and Seismic Control
13090 Radiation Protection

13100 Lightning Protection

13110 Cathodic Protection

13120 Preengineered Structures

13150 Swimming Pools

13160 Aquariums

13165 Aquatic Park Facilities

13170 Tubs and Pools

13175 Ice Rinks

13185 Kennels and Animal Shelters

13190 Site-Constructed Incinerators

13200 Storage Tanks

13220 Filter Underdrains and Media

13230 Digester Covers and Appurtenances
13240 Oxygenation Systems

13260 Sludge Conditioning Systems

13280 Hazardous Material Remediation
13400 Measurement and Control Instrumentation
13500 Recording Instrumentation

13550 Transportation Control Instrumentation
13600 Solar and Wind Energy Equipment
13700 Security Access and Surveillance
13800 Building Automation and Control
13850 Detection and Alarm

13900 Fire Suppression
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DIVISION 14—CONVEYING SYSTEMS
14100 Dumbwaiters

14200 Elevators

14300 Escalators and Moving Walks
14400 Lifts

14500 Material Handling

14600 Hoists and Cranes

14700 Turntables

14800 Scaffolding

14900 Transportation

DIVISION 15—MECHANICAL

15050 Basic Mechanical Materials and Methods
15100 Building Services Piping

15200 Process Piping

15300 Fire Protection Piping

15400 Plumbing Fixtures and Equipment

15500 Heat-Generation Equipment

15600 Refrigeration Equipment

ment
15800 Air Distribution
15900 HVAC Instrumentation and Controls
15950 Testing, Adjusting, and Balancing

DIVISION 16—ELECTRICAL

16050 Basic Electrical Materials and Methods
16100 Wiring Methods

16200 Electrical Power

16300 Transmission and Distribution

16400 Low-Voltage Distribution

16500 Lighting

16700 Communications

16800 Sound and Video
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__D. PROGRAMMING (E) (5 (52

__ 1. Programming is a process leading to the statement of an
architectural problem and the requirements to be met in
offering a solution. It is the search for sufficient information
to clarify, to understand, to state the problem. Program-
ming is problem seeking and design is problem solving.

2. Use the Information Index on pp. 40-41 as a guide for cre-
ating a program for more complex projects.

3. Efficiency Ratios: Use the following numbers to aid in
planning the size of buildings in regard to the ratio of net
area to gross area:

assigned areas
—l gross
. 50/50% = 100% <— building
unassigned areas A area
(circulation, walls, etc.)

Note: The gross area of a building is the total floor area based on
outside dimensions. The net area is based on the interior dimen-
sions. For office or retail space, net leasable area means the area of
the primary function of the building excluding such things as stair-
wells, corridors, mech. rooms, etc.

Common Range

Automobile analogy For buildings Ratios
Super Luxury Superb 50/50
Luxury Grand 55/45
Full Excellent 60/40
Intermediate Moderate 65/35
Compact Economical 67/33
Subcompact Austere 70/30
Uncommon Range
Meager 75125
Spare 80/20
Minimal 85/15
Skeletal 90/10

See App. A, item B, p. 621 for common ratios by building type.
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The following table gives common breakdowns of unassigned

areas:
Circulation 16.0 20.0 22.0 24.0 25.0
Mechanical* 5.0 5.5 7.5 8.0 10.0
Structure and walls 7.0 7.0 8.0 9.5 10.0
Public toilets 1.5 1.5 1.5 2.0 2.5
Janitor closets 0.2 0.5 0.5 0.5 1.0
Unassigned storage 0.3 0.5 0.5 1.0 1.5

30.0% 350% 400% 450%  50.0%

* More detailed HVAC systems space requirements as a percentage of
building gross floor area:

Gross floor

area (SF) Residential Institutional ~Assembly Laboratory
10,000 6 8 9 11

50,000-100,000 4 6 7 10

500,000 3 4 5 8
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INFORMATION INDEX /52

GOALS What does the
client want to achieve &
why?

FACTS
What is it all about?

FUNCTION What's

going to happen in

the building?
People
Activities
Relationships

Mission

Maximum number
Individual identity
Interaction/privacy
Hierarchy of values
Security
Progression
Segregation
Encounters
Efficiency

Statistical data

Area parameters
Manpower/workloads

User characteristics
Community characteristics
Value of loss

Titme-motion study

Traffic analysis

Behavioral patterns

Space adequacy

FORM What is
there how & what
is to be there?

Site elements
(Trees, water, open space,
existing facilities,

Site analysis
Climate analysis
Cope survey

Site utilities) Soils analysis
Environment Efficient land use F.ARR. and G.A.C.
Quality Neighbors Surroundings
Individuality Psychological implications
Direction Cost/SF
Entry Building efficiency
Projected image Functional support
Level of quality
ECONOMY Extent of funds Cost parameters
Concerns the Cost effectiveness Maximum budget

initial budget &

quality of

construction.
Initial budget
Operating costs
Lifecycle costs

Maximum return
Return on investment
Minimize oper. costs
Maint. & oper. costs
Reduce life cycle costs

Time-use factors

Market analysis

Energy source-costs

Activities & climate
factors

Economic data

TIME Deals with
the influences of
history, the
inevitability of
change from the
present, &
projections into
the future.

Past

Present

Future

Historic preservation
Static/dynamic
Change

Growth

Occupancy date

Significance
Space parameters
Activities
Projections

Linear schedule



CONCEPTS How
does the client
want to achieve the
goals?

NEEDS How much money,
space, & quality (as
opposed to wants)?

PROBLEM What are the
significant conditions &
the general directions the
design of the building
should take?

Service grouping
People grouping
Activity grouping
Priority

Security controls
Sequential flow
Separated flow
Mixed flow
Relationships

Space requirements
Parking requirements
Outdoor space req’mte.
Building efficiency
Functional alternatives

Unique and important
performance
requirements which will
shape building design.

Enhancement
Climate control
Safety
Special
foundations
Density
Interdependence
Home base
Orientation
Accessibility
Character
Quality control

Quality (cost/SF)
Environmental & site
influences on costs

Major form considerations
which will affect building
design.

Cost control
Efficient allocation
Multifunction
Merchandising
Energy

conservation
Cost control

Cost estimate analysis
Entry budget (FRAS)
Operating coste

Life cycle costs

Attitude toward the initial
budget and its influence
on the fabric and
geometry of the building.

Adaptability
Tailored/loose fit
Convertibility
Expansibility
Concurrent
scheduling

FPhasing
Escalation

Implications of change/
growth on long-range
performance.

41



NOTES




___E. CONSTRUCTION COSTS

Note: Most costs throughout this book (and this chapter) are
from the following sources:

(C)(9) (15) (21 (220 23/ (43 (44) 520 (55)

These references are used throughout the book, although not
identified at specific places.

___ 1. This book has rough cost data throughout. Rough costs
are boldface. Subcontractor’s overhead and profit, plus tax,
are included. Both material (M) and labor (L) are included,
usually with a general idea of percentage of each to the total
(100%). Because there is room for only one cost per “ele-
ment,” often an idea of possible variation (higher or lower)
of cost is given. Sometimes two numbers are given—the first
being for residential and the second for commercial. One
must use judgment in this regard to come up with a reason-
able but rough cost estimate. As costs change, the user will
have to revise costs in this book. The easiest way to do this
will be to add historical modifiers, published each year, by
various sources. The costs in this book are approx. costs at
mid-2009. Over the last few years costs have increased
about 2% to 4% per year. Be sure to compound when using
this rule of thumb. See p. 60 for compounding.

EXAMPLE ©

A CONGTRUCTION (TEM IN THE BOOK GIVES THE FOLLOWINGS

45,00/ 5F (407 M & 6O7 L I(VARIATION OF +I007 &-20/).
THIS MEANS THAT A% A LOOD AVERAGE, THE CosT OF THE
ITEM INSTALLED ( WITH THE SUB CONTRACTORE OVERHBAD AND PRO-
FIT INCLDED) 10 % 5/6p, THE MATERIAL COST 19 APPROX.
b5 % .40 = $2/5F., THE LABR (05T |& APPROX. D5 X ,60
= $3/5F. HOWEVER, A VERY EXPENSIVE VERSION CAN BE
RoUGULY 1007, HisHER, (475 X 2 = $|0/5F) OR A CHEAPER
VERSGION CAN BE RoUGHLY 207 LoweR- (5 % 80 = 4/5F),
BUT THE APPROX. AVERAGE |2 D S/<FE, NOTE THAT THE Gel-
ERAL CONTRACTORE, OVERHEAP AND PLOEIT 1S NoT INCWDED. |
THE COST 19 SAY 2 MEAlS OLD, AGSUMING D7, INFLATION,/
YeaR, THe 4 5/%F NowW BeElomes ! 5/ xl.03 =452
/oF X L0072 DB /SF, A FINAL FACTOR (& LOCATION FEL
ITEM V OF APPENDIX B, |F YOUR LOCATION 15 90%, THE FiNAL-
ESTIMATED cO%T 142 .9 % $E3l = $4.78 /9F.
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__ 2.Cost Control and Estimating
Cost estimating can be time-consuming. It can also be dan-
gerous in that wrong estimates may require time-consuming
and expensive redesign. From the beginning of a project,
responsibility for cost control (if any) should clearly be
established. If the architect is responsible for doing esti-
mates, the architect should consider the following points:
__a. Apples to Apples: In discussing costs and budgets
with clients and builders, the parties must be sure
they are comparing “apples to apples” (i.e., what is
included and excluded). Examples of misunder-
standings:
___ (1) Cost of land (is usually excluded).
__ (2) Financing costs (are usually excluded).
___ (3) Architectural/Engineering (A/E) fees (are
usually excluded).
__ (4) City or government fees (are usually ex-
cluded).
___ (5) Issite work included or excluded in a $/SF
estimate?
___(6) Are Furniture, Fixture, and Equipment
(FF&E) costs included or excluded (usually
excluded)?
EXAMALE -

AN ARCHITELT 16 WoRKING FOR A “oPec" PUWBE THE
ARCHTEOT HAS IN MIND A § BO/%F BuDkeT. TiE <rec.
PVER HAS IN MiND A % A0/5F supseT. THE AecH -
ITBLTE NOMPBR HAG A GENERAL LoNTRACTORS O.H. 4% 7 oF
SAY, 20). A% IFTae PROJECT weRe 0 oR. NEGOTATER
WITH AN INDEFRNVENT ColTRecTOR. THE SfEC. BuLrse
1% ThisKiNG ABouT Hie PIRELT co<T%, ONLY. THeTY ARE
COMPARING "APPES T2 ORANCES', BUT IF THE BUWERS
NUMPER (& ADISTED *
$80/5F * 1,20 +90/¢
OR IF THE ABCHITECTS NUMPPER, 1> ADI0srer =
$0/5F x 0,80 = F12/%F
TheN, THET ARE TAUKING ‘APPES TO APPLES

Y
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___ b. Variables: The $/SF figures for various building
types shown in App. A, item D are for average sim-
ple buildings. They (as all other costs in this book)
may need to be modified by the following variables:

_

_ @

0¥

— ¥

_ 0

—_(6)

Location. Modify costs for actual location.
Use modifiers often published or see App.
B,item V.
Historical Index. If cost data is old, modify
to current or future time by often-published
modifiers.
Building Size. The $/SF costs may need to
be modified due to size of the project (see
App. A, item C). Median sizes may be mod-
ified roughly as follows:

As size goes down, cost goes up by ratio of

1102
As size goes up, cost goes down by ratio of
3ol

Shape and Perimeter. Increases in perimeter
and more complicated shapes will cause
costs to go up. Where single elements are
articulated (e.g., rounded corners or differ-
ent types of coursing and materials in a
masonry wall), add 30% to the costs
involved.
Height. As the number of stories goes up
the cost goes up due to structure, fire pro-
tection, life safety issues, etc. For each addi-
tional story add 1% to 5%.
Quality of Materials, Construction, and
Design. Use the following rough guidelines
to increase or decrease as needed:

Automobile For
analogy buildings %
Super Luxury Superb +120
Luxury Grand +60
Full Excellent +20
Intermediate Moderate 100
Compact Economical -10
Subcompact Austere -20

Note: Quality from lowest to highest can
double the cost.
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___ (7) Familiarity. A builder’s familiarity (or lack
of) with a building or construction type will
affect price.

Costs (and construction scheduling) can be affected by
weather, season, materials shortages, labor practices.
Beyond a 20-mile radius of cities, extra transporta-
tion charges increase material costs, slightly. This
may be offset by lower wage rates. In dense urban
areas costs may increase.
In doing a total estimate, an allowance for general
conditions should be added. This usually ranges
from 5 to 15%, with 10% a typical average.
At the end of a total estimate, an allowance for the
general contractor’s overhead and profit should be
added. This usually ranges from 10 to 20%. Market
conditions at the time of bidding will often affect
this percentage as well as all items. The market can
swing 10 to 20% from inactive to active times.
Contingencies should always be included in estimates
as listed below. On alterations or repair projects,20%
is not an unreasonable allowance to make.
Use rounding of numbers in all estimating items.
Consider using “add alternates” to projects where
the demand is high but the budget tight. These alter-
nates should be things the client would like but does
not have to have and should be clearly denoted in
the drawings.
It is often wise for the architect to give estimates in
a range.
Because clients often change their minds or things
go wrong that cannot be foreseen in the beginning,
it may pay to advise the client to withhold from his
budget a confidential 5 fo 10% contingency. On the
other hand, clients often do this anyway, without
telling the architect.

Costs can further be affected by other things:

Government overhead ~+100%

Award-winning designs are often  =+200 to 300%

__ 3. Cost Control Procedure

a.

At the predesign phase or beginning of a project,
determine the client’s budget and what it includes, as
well as anticipated size of the building. Back out all
non construction costs such as cost of land, furniture
and fixtures, design fees, etc. Verify, in a simple for-
mat (such as $/SF, $/room, etc.) that this is reason-
able. See App. A, item D for average $/SF costs as a
comparison and guideline.
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At the schematic design phase, establish a reason-
able $/SF target. Include a 15% to 20% contingency.
At the design development phase, as the design
becomes more specific, do a “systems” estimate. See
Part 13 as an aid. For small projects a “unit” estimate
might be appropriate, especially if basic plans (i.e.,
framing plans, etc.) not normally done at this time
can be quickly sketched up for a “take off.” Include
a 10% to 15% contingency.

At the construction documents phase, do a full unit
“take off.” For smaller projects, the estimate in the
last phase may be enough, provided nothing has
changed or been added to the project. Add a 5% to
10% contingency.

__ 4. Typical Single Family Residential Costs
The following guidelines may be of use to establish $/SF
budgets (site work not included):

Production Homes:

__ (1) For a 4-corner, 1600-SF tract house, wood
frame, 1 story, with a 450-SF garage, no base-
ment, and of average quality, use $95.00/SF
(conditioned area only) as a 2009 national
average. Break down as follows:

Item % of total
1 General (including O & P) 18.5
2 Sitework (excavation only) 1
3 Concrete 6
4 Masonry (brick hearth and veneer) 5
5 Metals
6 Wood

Rough carpentry 17
Finish carpentry and cabinetry 7.5
7 Thermal and moisture protection
(insulation and roofing) 8
8 Doors, windows, and hardware 4
9 Finishes (stucco, wallboard, resilient flooring,
carpet, paint) 19
10 Specialties (bath accessories and prefab
fireplace) 15
11 Equipment (built-in appliances) 1.5
12-14
15 Mechanical
Plumbing 8
HVAC (heating only) 3
16 Electrical (lighting and wiring) 4.5

100%



48 The Architect’s Portable Handbook

__ (2) Modity as follows:

— (a)

For “tract” or repetitive homes
deduct 8% to 12%.

___ (b) For perimeter per the following

— (9

percentages:

For 6 corners, add 2%2%. For 8 cor-
ners add 5/2%. For 10 corners add
7:%.

Quality of construction:

Low  Average Good  Best

-15% 100%  +20%  +50%

___ (d) Deduct for rural areas: 5%
__ (e) Add for 1800-SF house

(better quality) 4%
___ (f) Add for 2000-SF house

(better quality) 3%
__ (g) Deduct for over 2400 SF

house (same quality) 3%
___ (h) Add for second story 4%
__ (i) Add for split-level house 3%
__ (j) Add for 3-story house 10%

__ (k) Add for masonry con-

—

struction 9%
Add for finished basement  40%

___ (m) Adjust for garage (larger or

smaller): use 50% of house area.

___ b. Custom-designed homes:
The result of the above can be easily increased by /4
to % or more. See App. A, p. 621.
__ 5. Typical Commercial Building Cost Percentages

(n) No site work is included!

Division New const. Remodeling
1. General requirements 6 to 8% about 30%
2. Sitework 4t0 6% for general
3. Concrete 15t020%

4. Masonry 8to 12%
5. Metals 5t07%
6. Wood 1to5%
7. Thermal and moisture
protection 4t06%
8. Doors, windows, and
glass 5t0 7%
9. Finishes 8t012% about 30%
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. Specialties*

. Equipment*

. Furnishings* 6to 10%*
. Special construction*

. Conveying systems*
. Mechanical 15t0 25%
. Electrical 8to 12%

Total 100%

for divisions
8-12

about 40%
for mech.
and elect.

*Note: FF&E (Furniture, Fixtures, and Equipment) are often excluded
from building cost budget.

__ ©.Guidelines for Tenant Improvements (T1) in Office Build-

ings:
a. To estimate costs: take full building costs (see App.

A, item D) less cost for frame and envelope and less

% mech. and elect. costs.

b. Costs for office building frames and envelopes: $40

to $50/SF.

c¢. TI costs range from $35 to $65/SF (in extreme cases

$120/SF).

__ 7. Guidelines for Demolition
___ a. Total buildings: $6 to $10/SF
__ b. Separate elements: 10% to 50% of in-place const.

cost of element.

___ &.Project Budgeting
__ a. At the programming phase a total project budget

may be worked using the following guidelines:

A. Building cost (net area/efficiency

ratio = Gross area, gross area x unit

cost = building cost) $
B. Fixed equipment costs (lockers, kit.

equip., etc.), percent of line A* $
C. Site development cost, percent of

line A* $
D. Total construction cost (A+B+C)  §
E. Site acquisition and/or demolition

(varies widely) $
F. Movable equipment (such as furnish-

ings) percent of line A* (also see

App. A, item F) $
G. Professional fees (vary from 5 to

10%), percent of line D $
H. Contingencies* $
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I. Administrative costs (varies from
1 to 2%), percent of line DY $

J. Total budget required (D, E-J) $

*Percentages: low: 5%; medium: 10-15%; high: 20%; very
high:30%.
For those projects which require financing costs, the following
can be added to line J:
1. Permanent financing (percent of line K):
Investment banker fee varies, 2.5 to 6%.
Construction loan fee varies, 1 to 2%.
2. Interim financing (percent of line D):
Approximately varies 1.5 to 2% above prime rate per year
of construction time.

b. How to work back from total budget to building
cost:

The following formula can be used to reduce line K,
total budget required, to line A, building cost:
total budget - site acquisition
X+Y+Z
X =1+ (__ % fixed equip.) + (__ % site dev.)
Y = (X) [(__ % contingency) + (__ % prof. fee) +
(__ % adm. cost)]
Z = _ % movable equipment

Building cost =

Where necessary, interim financing percentage is
added to admin. cost. Permanent financing percent-
age becomes Tin X+Y+Z+T.

__ 9. Use Architectural Areas of Buildings as an aid in cost-
estimating. See Architectural Area Diagram on p. 51. When
doing “conceptual” estimating, by comparing your project
to already built projects you can come up with an adjusted
area by adding or subtracting the ratios shown.
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EXAMPLE :

THESE ARE $/5F oF SITE.
LEZS BULDING FoOoT PRINT.
2. PULDING SHELL. 0TS
(%EE P. 630, APPal. A, ITEN 87
D). Thew ARS /<
3, 1. 1. coo% (%E P. 4. 40 45
THEGE ARE B /5F.
4 FEE $E, cosTo (4EE
P. ¢30, APPEN, A, ITEM
E) THecE ARE $/5F 12 24
FOR FURNISHINGS & EQUP

13

¥ SPECIFICS $ooo
L. SITE DB, cosT%:
BAC X ABBEO SF/AC Lesh
25000 6F BLIE. FooTPRNT 624 TH.76
= 05680 9F. MultrLY
TS X B/2F IN | ABOVE.
2, BULDING SHELL CO5T57
25000 5F X /o 1N 2, 18125 2350

PROBLEM: EsTapLIsH A FUIL PRELM. BUveeET FOR A
PROPOGEY 28000 6F OFFICE BUILDING ON A
D ACRE SITE IN WICHITA, KANSAS, WORK UP
A RANGE OF LoW, MEDWM, & HIGH, AND
TeN FURTHER PEVELOP THE AVERAGE.

SOLUTION: Low AVE,
A, BASICS
L SITE pev. costs (SEE P, 227). 2 7

HiGK

12

20

50

26

2e8. 16

318.75

75 000 4F ¥ 715% (SEE
P 630, APP A, VTEM B) = 18750 $F

ABOVE-, -
6T, OF G.C. CosTe $2588.50 $3218.76 H4624.41
HAY S 4 2 278 oco
3, T.1. cosT2

— CONTINVED = |
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LEASE AREA Times $/oF  oez0 650,25 T8O
OF 3, ABOVE

saY 2 $ &5¢ coo
4 FFeE, Cosm. Murmy
NET AREA OF 18150 <F X 575 4o 15 656,725
¥ eF oF 4, reove
28Ye % 470 ooo
5 A/e VESIEN FEES
(7). ZEE P ¢30, APPEN. 3/ 657 104

A, ITEM E.,
USE AVE, OF @5 ¥ X SHELL
& T.. Cooo oF $2 145 Q0 $ 24% 000

C. SUMMARY
SUMMARY oF AVE. CosTS IN LUMP SUM ANP $/s¢
(eroe2).  ADIST CONST. CO5TS FoR WICHITA | K&
BY MULTIPLYING BY 0.481 (SeE F 642, AFY. B, TTEM
V), RouNp AL NUMBERS AS Twis 1o et A PEEM.
BUDEET.
WHP  xpg ABVEEZ 4

M FOR W GHTA (Eroesd
SIE B, cosTer 730 700 599 2c0 24.00
BIWD'G. SHELL: 2 %50 000 | 402 500 76.060
Tl CesT5: G ooo 2] oo 2l.00
2T, &cC. Losro % 3 024 coo P (2] -cofer
EF £E Ccos5T® 470 cod \9.00
A/e FEES 243 400 10.00

TOTALS $23737400 HI50/oF




54

The Architect’s Portable Handbook

___10.VYalue Engineering and Life Cycle Costing

The initial cost of a building appears quite insignificant
when compared to the costs incurred to operate and main-
tain a building over its lifetime. For a 20- to 30-year period,
these costs can amount to three or four times the initial
cost of construction. Even more impressive is the differ-
ence between initial cost and the long-term salary expen-
ditures needed for carrying out the work in a building,
where the amount spent on salaries of the people working
in the building over 20 to 30 years can be up to 50 times, or
more, the initial construction costs.

Considering the overall life of buildings, value engineering
(or life cycle costing) is a systematic approach to obtaining
optimum value for every dollar spent. Value is defined as “the
best cost to accomplish the function.” From this, value engi-
neering then becomes the identification of unnecessary cost.
Through a system of investigation, unnecessary expenditures
are avoided, resulting in improved value and economy.

In contrast to cost cutting by simply making smaller quan-
tities or using fewer or cheaper materials, this approach ana-
lyzes function or method by asking these questions:

What is it?

What does it do?

‘What must it do?

What does it cost?

What other material or method could be used to do the
same job?

What would the alternative cost?

Life cycle costing looks at the total cost over the life of the
building as expressed by the following formula: life cycle
cost = first cost + maintenance and repair costs + operation
costs + replacement costs — salvage value.

{(——‘———— COETS - LIFE CYCLE 3

——{IIII[IIT
lN\TIAL/ BB T

O PERATIONS\\MAINTENANE] REALACEME

. N[ ]1]1]
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__F. CONSTRUCTION ADMINISTRATION (43

___ 1. Estimate Scheduling

Project value Const. time
Under $1,400,000 10 months
Up to $3,800,000 15 months
Up to $19,000,000 21 months
Over $19,000,000 28 months

a. Design time runs 25 to 40% of construction time (up

to 100% for small projects, including government

review).

b. Construction time can be affected by building type.

Using commercial buildings as a base, modify other
building types: industrial: -20%; research and devel-
opment: +20%; institutional buildings: +30%.

__ 2. 5ite Observation Visits

_a. Take:

_(11)
_ (12
__(13)

Plans
Specifications
Project files
Tape

Chalk
Camera
Paper

Pencil
Calculator

) Checklist

Field report forms
Flashlight
String line and level

__ b. List of site visits for small projects:

o
—®@

)
— 4

_®
— (0
— ™

_®
— 0

__ (10

After building stake out is complete

After excavation is complete and rebar is
in place

When foundation is being placed

When under-slab utilities and stem walls
under way

During placement of concrete slab on
grade

During masonry and/or frame walls and
columns and layout of interior walls
During floor and/or roof framing, wall and
roof sheathing (prior to roofing)

During roofing

During drywall, plaster, plumbing, electri-
cal,and HVAC

At end of project (punch list)
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G. PRACTICAL MATH AND TABLES
(81 (24 (37 (38) (54) &0

__ 1. General: Architects seldom have to be involved in higher
mathematics, but they need to continually do simple math
well.

__a. Forrough estimating (such as in this book) an accu-
racy of more than 90% to 95% is seldom required.

b. Try to have a rough idea of what the answer should

be, before the calculation (i.e., does the answer
make sense?).

¢. Round numbers off and don’t get bogged down in

trivia.

d. For final exact numbers that are important (such as

final building areas), go slow, and recheck calcula-
tions at least once.

_ 2. Decimals of a Foot Decimals of an Inch
1" =.08 7" = .58 ¥%" =0.125" %" =0.625"
2" =17 8" =.67 W =0.250" %" =0.750"
3" =25 9" =.75 %" =0375" %' =0.875"
4" =33 10" =.83' " =0.50" 1" =1.0"

5"=.42" 11"=.92
6"=.50 12"=1.0
__ 3.5imple Algebra

One unknown and A =B/C Example: 3 =15/5
two knowns B=AxC 15=3x%5
C=B/A 5=15/3

4. Ratios and Proportions
One unknown and three knowns (cross multiplication)

A C X 10
B-D Example: 5 20 20X =5x%10

5x10 B

AxC=BxD X=
X x 20

2.5 X=25

__ 5. Exponents and Powers
10°=10 x 10 x 10 x 10 x 10 x 10 = 1,000,000 [1 + 6 zeros]

10°=1.0
10° = 0.000001 [6 places to left or 5 zeros in front of 1]
___ 6.Percent Increases or Decreases
50% increase = ¥ increase, use x 1.5

100% increase = double, use x 2.0

200% increase = triple, use x 3.0

Example: 20 increases to 25

To find percent increase: 25-20 = 5 [amount of increase]
5/20 = 0.25 or 25% increase

59
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__ 7. Compounding: A continual increase or decrease of num-
bers, over time, that builds on itself. Regarding construction,
the % increase of cost per year compounds over the years.
Thus, an item that costs $1.00 in 2000 will cost $2.10 in 2005
with 2% inflation per year.

&.5lopes, Gradients, and Angles .
(see p.61) i rise
. l — b2 ]
a. Slope = “rise over run” or or

% slope = %€ %100
run

__ b. Gradient: |
as ratios of rise to run
Example: expressed as 1 in 12 3
for a ramp or as 4" in 12" for

a roof

___ ¢ Angle ,
Degree angle based on rise ~ jl. rue

and run (see properties of rn
right angles) i
__ 9. Properties of Right Angles

45° angle:a’ + b’ =¢? (4 Py
or c=Va*+b’ -

For other right angles use simple v
trigonometry:

Sin angle = opp/hyp hv\"
Cos angle = adj/hyp L oer.
Tan angle = opp/adj

Use calculators with trig. functions or
table on p. 62.

__ 10.Properties of Non-Right Angles
Use law of sines: ¢ ¢

a/sin A = b/sin B = ¢/sin C
a/b = sin A/sin B, etc. »
__ N.Properties of Circles
A circle is divided into 360 equal parts, called degrees (°).
One degree is an angle at the center of a circle which cuts
off an arc that is /o of the circumference. Degrees are sub-
divided into 60 minutes ('). Minutes are subdivided into 60
seconds (). See p. 69.
__ 12. Geometric Figures
Use the formulas on pp. 67-68 to calculate areas and vol-
umes. Also, see p. 243 for excavation volumes.
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__ 13.Equivalents of Measure
See pp. 75 through 82.

Table of Slopes, Grades, Angles

% Slope Inch/ft Ratio Deg. from horiz.

1 s 1in 100

2 A 1in 50

3 %

4 z 1in 25

5 % 1in 20 3

6 %

7 %

8 approx. 1 approx. 1in 12

9 1%
10 1% 1in 10 6
11 1% approx.1in 9
12 1%
13 1%
14 1%
15 8.5
16 1%
17 2 approx.2in 12
18 2V
19 2%
20 2% lin5 11.5
25 3 3in12 14
30 3.6 1in3.3 17
35 42 approx.4in 12 19.25
40 4.8 approx.5in 12 21.5
45 5.4 1in2.2 24
50 6 61in 12 26.5
55 6% 1in1.8 28.5
60 Th approx. 7 in 12 31
65 T lin1% 33
70 8% linl4 35
75 9 1inl3 36.75

100 12 linl 45
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Trigonometry Tables

Deg Sin Cos Tan Deg Sin Cos Tan Deg Sin Cos Tan
1 0175 .9998 L0175 a1 5150 .B572 8009 61 .B746 4848  1.8040
2 0349 .9994 .0349 32 .5298 .8480 6249 62 8629 4695  1.8807
3 .0523 .9986 0524 33 5446 .8387 6494 63 8310 4540  1.9626
4 .0698 8976 .069% 34 5592 8290 6745 64 .8988 4384 20503
5 .0872 .9962 .0875 35 5736 .8192 .7002 65 .9063 4226 2.1445
6 1045 9945 1051 36 5878 .B090 7265 66 9135 4067 2.2460
7 1219 9925 1228 7 6018 7986 7536 67 9205 .3907  2.3559
8 .1392 9903 1405 38 6157 .7880 7813 68  .9272 3746 2.4751
9 .1564 9877 1584 39 6293 777 8098 69 9336  .3584 2.6051

10 1736 .9848 1763 40 .6428 .7660 .83%1 70 .9397 3420 27475

1" .1908 9816 1944 1 6561 7547 .8693 Kl .9455 3256 2.9042

12 .2079 9781 2126 42 .6691 7431 9004 72 9511 3080 3.0777

13 .2250 9744 .2309 43 .66820 7314 .9325 73 .9563 2924 3.2709

14 2419 .9703 2493 44 .6947 7193 9657 74 9613 2756 3.4874

15 .2588 .9659 2679 45 o 7074 1.0000 75 9659 .2588  3.7321

16 .2756 9613 .2867 46 7193 6847  1.0355 76 9703 .2419  4.0108

17 2924 9563 .3057 47 7314 6820 1.0724 77 9744 2250 4.3315

18 3090 9511 3249 48 743 6691 1.1106 78 9781 2078  4.7046

19 3256 9455  .3443 49 7547 6561 1.1504 79 9816 1808 5.1446

20 .3420 9397 3640 50 7660 6428 1.1918 80 .9848 .1736 56713

21 .3584 .9336 .3839 51 am 6293 1.2349 81 9877 1664  6.3138

22 3746 9272 .4040 52 .7880 8157  1.2799 82 .9903 1392 7.1154

23 3907 9205 4245 53 7986 .6018  1.3270 83 9925 1219 B.1443

24 4067 .9135 .4452 54 .8090 5878 1.3764 64 8945 1045 965144

25 4226 9063 .4663 55 .8192 5736 1.4281 85 .9962 .0872 11.4301

26 4384 .8988 4877 56 .8290 5592  1.4826 86 .8976 .0698 14.3007

27 4540 .B9t0 .5085 57 .8387 5446 1.5399 87 .9986 .0623 19.0811

28 .4695 .8829 5317 58 8480 5299 1.6003 68 9994 0349 286363

29 .4848 .B746 .5543 59 .B572 5160 16643 89 .9998 0175 57.2900

30 5000 .8660 5774 60 .8660 5000  1.7321 90 1.000 0000 oo

Note: Deg = degrees of angle; Sin = sine; Cos = cosine; Tan = tangent.
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___15. Perspective Sketching ,
Use the following simple tech-
niques of using 10" cubes and lines
at 5’ with diagonals for quick per- .
spective sketching:

___a. The sketches shown on pp. 64
& 65 show two techniques: .
The first establishes diagonal 0! 5' °
Vanishing Points (VP) on the
Horizon Line (HL) at certain distances from the
VPs, also on the HL. 10’ cubes are established by pro-
jecting diagonals to the VPs. The second technique
has 10" cubes and lines at the 5’ half-points. Diago-
nals through the half-points continue the 5’ and 10’
module to the VPs. The vertical 5’ roughly equals eye
level, and establishes the HL. Half of 5’ or 2.5" is a
module for furniture height and width.

b. The sketch shown on p. 65 illustrates the most com-
mon way people view buildings. That is, close up, at
almost a one-point perspective. To produce small
sketches, set right vertical measure at /2" apart. Then,
about 102" to left, set vertical measure at %" apart.
This will produce a small sketch to fit on 8% x 11
paper. Larger sketches can be done using these pro-
portions.
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SKETCHING

PERGPELTIVE

Nl

ZH+

VP2

NOTE: SEE
PAGE &3
FOR BEGINNING
EXPLANATION

V"7‘ 1%

THREE POINT

SKETCH AN EQUILATERAL TRI-
ANGLE VP.I, YP.2,&vP®, HET
PP s HALFWAY ALONG EA, OF
THESE. LINES, SELELT A NEAR
THE CENTER JF TRIANGLE,
PRAW A TO VP-7 + EYEBALL
10'LENETH A, FiNIBH 10!
CUBE/e BY CONNECTING
CORNERS T0 DPs To 6£T
OPPDHATE LORNERS, PROJECT
LORNERS To VPs TO 6ET
OIDES & 40 DN, THE SKELH
GHOWN, 16 LREATLY EXALLER
ATED £ AN BE AplUsTeD
BY A LARLER TRIANGLE,

[ 1

=y

+5

- {

A o' ,‘
ONE POINT*

3

ESTABLIGH A D ON
THE HL A DIGTANCE
"X* EQUAL TO THE
DISTANCE FROM THE
EYE 10 THE PP, THEN
CONNE(CT A To THE
PP ESTABLIGHING
FOINT B, 10' Back.
THE FALE OF THE
(UBEe AT THE PP
12 EYE BALLEP,

%

3
TWO PONT

0’

ONEFONT ¥2

/ ENEBALL FIRST
by 5 AND THEN
PROIELT PIAGON-
AL& To CREATE
o' cuptss WITH
%' HALF LINES,
THE VERT S 14
AT EYE LEVEL.

ry

£ ENEBALL LVP & RVP AND THEN DF, ALL ON THE HL,
CONNECT ATO DP. EYEBALL FIRST 10' ON LINE AR,
LONNEZT B To LVP. THE INTERSECTION ESTABLIGH-
E& POINT C, 10 BGK-, § S0 ON,

42 5 DAGONALL (AN ALBO BE VSED BY EXEBALLING

THE FIgsT B,



<9

ALWAYS MAKE DBPTH
NEVER MAKE DEPIH ————— 1%

JUDEMENTS ALONE Tiis ~ B
ot lh T PLANE AND PROJRCT THEM ACROSH. T JUDGMENTS MONGE
e e T T THIG PLANE. 1T VANISHES 2
10—~ ) e TOD SHARALY AND THRY
e - WILL TEND TO 86 T DREF.
T RIRH T LOPT SUARE. MADE

BY VISUAL WUSMENT, OHERS
MAY BE PROJELTEO BY DIAGONALS
THROUSH CRNTER PopuT

KEEP FlGURES IN THE PEREOPECTIVE.

O WELP ESTABLIGH CORRELT

SCALE FOR FUBNITURE AND otheR,  —  —————————=]|
BJECTS N mm

e

LINES oF Tickeo AT TWO DIF FERENT.
SCALER BOTAGUSGH A SELOND V/ T
POINT PARTHER. T2 THE LEFT TuAN Z00L0 % REACHED FOR. PROIE cTIoN.

PERGPECTIVE
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GEOMETRY OF AREA

APBREVIATIONZ

&= LENGTH OF ToP

V=LENCTH OF BASE T=3.1416
b = PERPENDICULAR. HEIGHT

= LENETH oF RADIV

CIRCLE

AREA = MM x e

I RECTANGLE
AREA = b x b

k"——b————ﬂ

)
7 PARALLELOGRAM
Z: AREA = b xh

k -] y
TRWUNEGLE.
h AREA = Yoxbxh
k—p—
TRAPEZOID
/ln 27\ aeea. (@a+b)vh
" N Z

" )
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GEOMETRY OF VOLUME 5

ABPREVIATIONS

b= PREAUTH OF BAGE.

h= PERPENDICULAR, HEIGHT M= 2.1416
} = LENGTH OF mASE

r=LENGTH OF RADIUS

CUBRE
AREA = bx h ¥ |

LN
PRI&M
bxh x|
/i AREA= >
k—p

o x h ITYRAM\V
(A areas 23—
5

CYLINDER
<§§;) AREA = TM xrex|
A
4-KTTX|§5PHERE
e
é% ’n‘xr’%HCONa
AREA = 3
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PROPERTIES OF THE CIRCLE

Circumference =68318r =3,1416 d

k‘_’( Z;ae;nekr : glaie?el g{cumferance
2% o l I Are  a =ﬂ_tll§':= 0017452 r A°
4 g Angle #° = B2 = 510059 &
k= Radivs r = H L C ct
Chord ¢ =2VZbr-u% =Zrsin 5>
Rise b =r-%hVarz-cia —;—h\n-é—

-’-‘erinz% =r+y -Vri-xz

¥ 2b-rtVri-xz

X 2Vri-(rty-p)z
Diameter of circle of aqual peripheny as square = 127324 side of square
Side of square of equaﬁperiﬁef; a;y arcie = 0,78540 dtamefesqr oF ci

Diameter of arde circumecribed about square = | 4142 side of squal
Side of square {n%r‘ibed n Ei(rde. = = 0.7071} d‘lame#g‘r ozec':rcb

CIRCULAR SECTOR r = radive of circle ¥ = angle nep in degress

" Q Area. of Sector nepo= 1z Liength of arc nop x r)
P
b = Area of Circle xa-é

= 0,0087266 X rZ x 4

CIRCULAR SEEMENT

> ¥ = radive ofcirde X =chord b= nse
" ‘5 Area of Seament nop = Area. of Sector Nepo — Arta, of +riangle. peP
) _ (Lenath dFarc nopx ) =~ x (r ~b)
= Z

Area of Smment nop = Area of Circle - Area of Seqment viop
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Vee C = (DE6 F-3T)x 5556
VE6 F = (DE6Cx1.8)+ 32
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TEMPERATURE.
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LENGTH®S

METERe‘IINéHaé FEET |YARD | ROp% | cHAING| MILES , U.5. |KILO-
m s . 4 " “h e | NAUTCAL HEEK"
1 34.%7 | 326 | 1.o4 | 0199 |0.05 |0.2c214|0. 2539 0.001

0.025 | 1 0.08% | 0.028| 0.251 | 0.213 |0.5158 |0.2 127 |0.4254

0.305 | 12 1 022 | 0.06 | 0.015 |0.2184 |0.3165 |0.5 305

0.914 | %o ra 1 0.18 | 0.045 |0.2568|0.3443 0.2 914

5019 | 198 | 165 | 55 1 0.25 | 0332 |0.221 |0.2 503

20,117 742 1727) A 4 1 0.01% | p,0109|0,020

1609.%35] 6320 | 5280 | 1760 320 80 1 0.868 | 1,009

1£53.125|72462.5| 6080.2| 2026.7| %68.5 |42.12 | |15 1 1.85%

looco | 39310 ) 32804 109%.6|198.8 |449.1 | g o2l |o.540 1

¥ 1 METER (M) = 10 PECIMETERS (dm) = 100 CENTIMETERS [¢m) = | QOO MILLIMETERS mm)

NOTE ! NOTATIONS

EXAMPLE.

2 2 4
©) 09,0,

ETC., INVICATE- THE- NUMBER OF ZERDS.

IMETER = 0.26214 = 0.00062i4 STATUTE. MILES.

1/'3\\
B
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AREAS
T
SRUARE | SQUARE | 5QUARE- | GRUARE | GHRUARE | ACRES | HECTARES| ZRUARE | SOuare
METERS | INCHES | FEET YARDZ | Rovo MILEZ | kiLomMerel|
oM 5l 5F %Y ZR AC HA GATVTE | o km
2 &

1 |1850.0 [10.76 | 1.19G | 0.0%a | O.; 24~7J 0. 0001 05386 0.51
03¢5 | 1 |026a|0277 | 0526|0516 |0]e5 |0.3725 |oles
0.09% | 144 1 o111 V0237|0422 | 0593 |0} %6 |0} 9%
0.8%6 | 1246 a | 1 |omm |03z |oget |05z o584
25293 | 29204 | 272.25 | 20.25 | 1 0.006 | 0225 (0.2 as |0.4 26
4046.87 6272640 43560 | 4840 | 16O 1 |o.405 0216 |0.54]
10000 [15449964| 107629 (11959.9 | 345.27 | 2,47104| 1 02%1 | 0.0l
72529499 27878400 3041600 | 102400 | @40 259 1 2.59

Lcjooooo 107632867|1145985| 49936.0| 247.104 | |0O 0.%286 1

)
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VOLUMES

U.5. PRY MEASURE. |
U, 4. LAUD MEASURE. = | CAUON = 4 QUARTS = £ ZINTS = 3L &S = |2 g FLip OUNcES

e ve i})z;ﬂ ;;ZT‘C Tf/u:'z;e U.6. QUARTS Us GALONS 6;,:2,%
LITERZ Liguio | pgY Liguie | pry

1 |eloz |c.o»s |0.31% |1.057 |0.908 | 0. 264 |0.227 |o0.028
|o0i6 | 1 0258 |0.%21 |0.017 |0.015 | 0247 0272 |0.247
28.%2 | 1728 1 0.0%7 (29.92 |Z25.714 | 7.481 |&.429 |O.804
(27
Toh S |4ee50 | 77 1 807,90 |©94.2¢ | 201.47 | 17%,57 | 2l.70
Le._gw 51.1% | 0,0%% |0, 5124 | 1 0459 | 0.27% | 0.21% | 0,027
L1012 (61,20 | 0.0%9 | 0.5 144 | 1.1637 1 0.291 | 0,25 |0.0%!
2,786 | 23l 0.1%4 0,2445 4 3,437 1 o,eéu o107
4 ko |268.8 | 0.196 | 0257 4,655 | 4 164 | 1 ya.ma
L?B. 24 | 2150.4 724'4— 0,046 | %1.24 327 a.3019 8 f 1

| h&. GALON = 0.4D26% IMPERIAL GALLON

//'\3
NG
Yy
S
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WEIGHT2

f-}q Lo- | eraing OUNCES POUNDS TOoNS
ERAMEZ NET GROTZ | MeTRIC
4 >}
ke TROY AVoIR, | -TRoY | AVOIR lggg@é ;f;‘;w 1000 Ké
1 | BamHl w201 | 2619|2205 |og oz 0.2ag4| 0,001
o
ofers | 1 05208 |0.525 | 03174 | 0.3143| 0] 114 |07 638| 0.] 648]
0.0%) | 480 1 [10a7 | 0082|0069 |0%343|0% 00| 0% 31l
0.024 |431.5 |o.4l 1 | 0,076 | 0,002 | 0.5312| 0.4 219 | 0% 224
0.27% |5760 | 1z |1z166 | 1 |0.82% | 03411 |02267 0.2 37>
0.4%4 | 7000 |14.58 | 16 |12 1 0.0005| 02,446 | 0.5,454
907.1¢5| 14000000 ZQIMJTWOO 24%0.% 2000 1 0.89% | 0,907
1016.05/15680000| 32660.7 | 35840 | 2722.22 | 2240 | l.1Z- 1 |Lole
IOOOTIEA-?Z% 22160.7| 35274 | 2674.23| 2204 62| |, 102 | 0.dg4 | 1

1 LONG HUNPREDWEIGHT (cWE)= /20 TON = 4 QUARTERS = £ STONE =211213% = 5p, 2 Kg
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DENSITIES

GRAMSG | Pounpg | Poonos | POUNDZ |y hetams| ppynps | Povnpe | FUNpS  |KILLERAM
pER CcU. |PER CU. |PER CU | PER CU. | ggp cU. | pggp PER PER, PEE.
CENTIMETER INCH FooT YARD | METER | gysug,, | GAWON, | EALON, | HECTOUTEY
a/emB | 1. /in® | 1./ | b /0% | kq/m* | Ws, |PRY, di5LIGNG LS kg /hi
1 O.0%6 | 67.4% |1625.50 1000 | 717.689 | .71 8.%245 | |00
I
27. &% 1 1728 |46656|27614,7 |21%0.4 |268,& | 23! 2767.97
0.016 |0.2574 1 27 |16.02 [1.24 |0.186 |0.1%24 | l.Go2
0259 (0421 0037 1 |o0.5a% |0.046 |0.5576| 0. 5495 0.059
0.00! o.z %0 | 0.002 |1.08C 1 0.018& |o. 347 0283 | o.0
0.01% (0247 |0.804 |21.696 |12.27 1 o.125 | 0.107 |1.227 |
0.10% 0.34;7 ©. 429 (17%,57 \102.97 & 1 0,859 | 10.247 J
o.na |0.24% |1.421 |201.97|119.8%| .31 | 1164 | 1 [11.98
| o0 0.2%6 | 0.024 |10.80 | 10 |0.777 | p.0a7 |0.08% | 1

RN
NG
Yy

S
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PREAURE
T COLVMNS oF MERCURY | COLUMNS oF WATER.
PAGCALG PARS | POUNDSE |ATMOZ- | (0%, 9 = 4807 m/si] (18%, 3= 4.6 &7 "V4%)
N/ m 10%N/m* cm- im em- im
1 0.51 (03145 (0.4 | 0.275 |0.0245 | 0.0102 | 0.004
looo00| 1 14.% 0.44 | 15 29.53 |1020 .7 | 40[.&
©%a4.8\0.0@89 1 0.008 | 5.17 2.04 | 70,27 | 27.7
ﬂonzw [.ol [4.096 1 T& 2a.92 | 1024 | 407.1
12%% |o0.01% |0.19% | 0.01% 1 0.39 | 13.6) |5.357
%80 |(0.0%4 |0.49 0.0%3% | 254 1 34,56 | 1%.0]
a1.98 | 0.548 |0.014 | 0.347 |0.07% |0.02a| 1 |o0.24
248.4 |0.575 | 0.0%6 | 0225 | 0,187 |0.07%3 | 2.54 1




LL

POWER

HORZE-| Ko- |METRIC | pm | Frogf| Kio- | 2Tl
POWER WATTY | HORZE- Pee <6C.| PER 2ec. | CAWORIES | Per SeL,
Poweg. Per “wC.
1 0.74C | \.0|4 | Te.04 | 550 0,178 | 0.707
|, 24l 1 l.2¢ |102.0 | 737.¢ |0.2%24 | 0.948
0.9%0 | 0.736 1 75 547.5 | 0.176¢ | 0.647
2 4 2z
0.01% (0.,9% |o.01% 1 7.2% | 0.,23 | ¢.,9%
0.218 |o%14 |02i18 | o028 | 1 |033z (0213
G. 6I% | 4.127 | 5.692 | 426.9 | 2088 1 2,968
——
I.41% ||, 055 1,424 | 107.6 |778.2 |0.252 1

(o)
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ENERGY OR WORIS

MeETRIC |HEORSE - - . BRiTIs "
JouLes mw:;n— r;oo-r- E'o‘—:;‘;“” HORSE | PowER- kfffe' C:I:DOZI THERMA
oN- | METERS "z OWNER.-
(ﬂ:?lg‘rz) OUN HovRs Hovg s heReES UNITS
2
1 0,102 |0.72& |0.8218 |0.5318|0.5 %1 0.2987 0524 |0.3948
q,801 1 7.2%% |0.5212 |0.8%70 |0.5%7 |0.0968 |0.2234 | 0.2 9%
[

1.%56 (0,132 | 1 |0.6377|0.5512|0.5505| 0.01%4 | 0.3 324| 0.001%
2600 2671100 (2655000 1 1.%6 |. %4 |35528 | 859.9 | 2412
2648000 270000 (1952900 | 0.736 1 0.980 | 20613 |532.4 | Bl0

2684500 271%7500|1960000| ©0.746 | 1,014 1 26493 | G41.2 | 2544

101,33 ] 10.23 | 74.74 |0.528 |0.434 |0.%32 | 1 |o0.024 009

4180.4 | 426.9 | 2088 |0.2116 |0.2158 | 0.5156| 41.32 | 1 3.968
105% (107.6 | 178.2 |0.329 |0.3%394(0.3 293 | 10.41 | 0.752 1

Also, see p. 203.

®
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__H. BUILDING LAWS

__ 1. Zoning <\Ij’/,‘ <\57

Zoning laws vary from city to city. The following checklist is
typical of items in a zoning ordinance:

ETENRTOIITAT TSR TN AL &R

Zone

Allowable use

Prohibited uses or special-use permit
Restrictions on operation of facility
Minimum lot size

Maximum building coverage

Floor area ratio

Setbacks for landscaping

Building setbacks: front, side, street, rear
Required open space

Maximum allowable height
Restrictions due to adjacent zone(s)

. Required parking

Required loading zone

Parking layout restrictions

Landscape requirements

Environmental impact statements

Signage

Site plan review

“Design review”

Special submittals required for approval and/or
hearings:

__ (1) Fees

__ (2) Applications

__ (3) Drawings

___ (4) Color presentations

___ (5 Sample boards

__ (6) List of adjacent land owners

__ (7) Other

Although not part of the zoning ordinance, private
covenants, conditions, and restrictions (CC&Rs)
that “run” with the land should be checked.

Other

81
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__ 2.Code Requirements for Residential Construction K36)

(2000 International Residential Code [IRC])

Use the following checklist for residences. The IRC applies

to one- and two-family dwellings and multiple single-family

dwellings (townhouses) not more than three stories in
height with a separate means of egress, and their accessory
structures.

__a. Location on lot

___ (1) Openings must be 3’ from property line.

__ (2) Walls less than 3’ must be 1-hour construc-
tion.

___ (3) Windows not allowed in exterior walls with
a fire separation distance of less than 3’ to
the closest interior lot line (usually with
parapet).

b. Separation between abutting dwelling units must be
a minimum of 1-hour construction (% hour, if sprin-
klered).

¢.  Windows and ventilation
__ (1) Habitable rooms must have natural light

and ventilation by exterior windows with
area of at least 8% of floor area and 4%
must be openable.

___(2) Bath and laundry-type rooms must have
ventilation by operable exterior windows
with area of not less than 3 SF (% to be
openable).

__(3) In lieu of natural ventilation and light,
mechanical ventilation and artificial light-
ing may be used.

___ (4) Any room may be considered as a portion
of an adjoining room when at least % of area
of the common wall is open and provides an
opening of at least %o of floor area of inte-
rior room, but not less than 25 SF.

d. Room dimensions
__ (1) Atleast one room shall have at least 120 SF.
__ (2) Other habitable rooms, except kitchens,

shall have at least 70 SF.

___ (3) Kitchens shall be 50 SF, min.

___ (4) Habitable rooms shall be 7'-0" min. in any
direction.

___ e Ceiling heights

__ (1) 7-0" min.
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__ (2) Where exposed beams not less than 4
apart, bottoms may be at 6'-6".

___ (3) Basements, 6'-8" min. (6'-4" to obstructions).

__ (4) Atsloped ceilings, the min. ceiling height is
required at only % the area, but never less
than 5" height.

___ [ Sanitation

__ (1) Every dwelling unit (DU) shall have a
kitchen with a sink.

__ (2) Every DU shall have a bath with a WC,
lavatory, bathtub, or shower.

__ (3) Every sink, lavatory, bathtub, or shower
shall have hot and cold running water.

___ g Fire warning system (smoke alarms)

___ (1) Each dwelling must have smoke detectors
in each sleeping room and the corridor to
sleeping rooms, at each story (close proxim-
ity to stairways), and basement.

__ (2) Innew construction, smoke detectors are to
be powered by building wiring but equipped
with backup battery.

___ (3) If there are additions or alterations (partic-
ularly sleeping rooms being added), the
entire building shall have smoke detectors.

__ (4) In existing buildings, smoke detectors may
be solely battery-operated.

__ h. Ecxits

__ (1) Doors
__ (a) At least one entry door shall be 3'

wide by 6'-8" high.

___ (b) There must be a floor or landing at
each side of each door, not more
than 1.5" below door.

___ (¢) At exterior, doors may open at the
top step; if door swings away from
step and step or landing is not lower
than 8", the landing must be the
width of stair or door and 36" deep.

___ (2) Emergency exits
__ (a) Sleeping rooms and basements

with habitable space shall have at
least one door or operable window.

___ (b) The window shall be operable from
the inside and have a minimum
clear opening of 5 SF at grade or
5.7 SF (24" high min., 20" wide
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min.) and sill shall not be higher
than 44" above floor.

__ (c) Bars, grilles, or grates may be
installed provided they are opera-
ble from inside.

___ (d) Windows, below grade, shall have a
window well. The window shall be 9
SF clear opening, min., and 36" min.
dimension. When the well is deeper
than 44", must provide ladder or
steps.

Stairs

__ (1) Min. width = 36"

_ (2) Max.rise: 74"

___ (3) Min. run (tread): 10"

___ (4) Variation in treads and risers = %" max.

__ (5) Winders: require 10"-wide tread at 12" out
from narrow side, but never less than 6"
width at any point.

__ (6) Spiral stairs to have 26" min. clear width.
Tread at 12" from center to be 74". Max.
riser = 9%4". Min. headroom = 6'-6".

__ (7) Handrails
__ (a) Atleast one, at open side, continu-

ous, and terminations to posts or
walls

___ (b) Height: 34" to 38" above tread nos-
ing

__ (c¢) Clearance from walls: 1}4"

__ (d) Width of grip: 14" to 2%"

___ (8) Headroom: 6'-8" min.

__(9) Guardrails at floor or roof openings, more
than 30" above grade. Height = 36" min. If
open, submembers must be spaced so a 4”
dia. sphere cannot pass through.

Garages and carports

__ (1) Must separate from DU (dwelling unit)
with /4" gypboard on garage side and 1%" SC
wood or 20 min. doors.

__ (2) No openings to sleeping areas allowed.

__ (3) Carports (open on at least two sides) do not
apply (for above).

(4) Floors must slope to garage door opening.

k. ﬁeplaces: See p. 438.

Glazing: See p. 408.
Electrical: See p. 613.
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___ n. Residential Accessibility (per IBC [see p. 143] and
ADA [ANSI]):
___ (1) Facilities not required to be accessible:

___ (a) Detached 1- and 2-story DU (this
section).

__ (b) R-1 (boarding houses and hotels,
occupancies with not more than 5
rooms for rent.

__ (¢) R-2 and -3 (apartments and resi-
dential care homes) with 3 or fewer
DU in a building.

__ (d) Existing residential buildings.

___ (e) Where unfeasible due to steep
grade (see IBC).

___ (2) Facilities required to be accessible:

___ (a) Types ofaccessible units (see ANSI):
__ Type A are to be fully accessible.
___ Type B are to be minimally

accessible.

__ (b) Scoping:

__ Occupancies R-2 and -3 with
more than 5 DUs, every DU to
be Type B, except:

_ R-2 with more than 20 DU:
20% (but at least one) to be
Type A. Where no elevator,
need only be on ground floor.
Must have 20% of ground floor
DUs as Type B.

___ Sleeping accommodations (for
all R, not exempted):

Accessible units Total units

1 1-25

2 26-50

4 51-75

5 76-100
7 101-150
8 151-200
10 201-300
12 301-400
13 401-500
3% 501-1000

30 + 2 for ea 100 over 1000
over 1000
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BN (RN (AR g (40
 3.Building Code (P (X (33 34 (49

The new 2009 International Building Code (IBC) has been
used for this part. Configuring a building that meets fire
safety code requirements is one of the architect’s primary
responsibilities. This handbook uses the IBC as a guide (with
NFPA differences noted).

Steps in preliminary code check are:

___a. Establish occupant load.

b. Determine occupancy classification. Also see App.
A, item A.

¢. Determine allowable area.

d. Determine allowable height.

e. Determine construction type.

f Determine hourly ratings of construction compo-
nents for construction type.

g. Determine required occupancy separations.

h. Determine sprinkler requirements.

i. Determine if area separation walls are needed.

j. Determine if exterior walls and windows have
adequate fire protection.

k. Check exiting.

. Other.

Occupant _Load: Determining the occupant load
from IBC Table A (p. 110), in some cases, will help
determine the occupancy classification. When start-
ing a project, a listing of architectural program areas
by name, along with their floor area, occupant clas-
sification, and occupant load, should be compiled.
Total the occupant load to help determine the final
overall occupancy classification and for design of
the exiting. The occupancy load can always be
increased, provided the design of the building fol-
lows suit.

Occupancy Classification: The building code classi-
fies buildings by occupancy in order to group similar
life-safety problems together. Table B (p. 112) pro-
vides a concise definition of all occupancy classifi-
cations. In some cases, refer to the code for more
detail.

Allowable Floor Area: Table C on p. 116 coordinates
the level of fire hazard (occupancy classification) to
the required fire resistance (allowable construction
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type) by defining the allowable area for a one-story
building. High-hazard occupancies (such as large
assembly) can be built only out of the most fire-
resistant construction types. A lower-risk occu-
pancy (such as a small office or a residence) can be
built using any of the construction types. The allow-
able construction types are listed from left to right
in approximately decreasing order of fire safety
and construction cost. Thus choosing a construction
type as far to the right as possible will provide the
least expensive construction for the type of occu-
pancy in question. Another way to reduce costs is
to compartmentalize, per p. 97, thus creating two
less expensive buildings with a fire wall between.
The floor area of a single basement need not be
considered in the calculation of a building’s total
area, provided the area of the basement does not
exceed that permitted for a one-story building.
_ (1) Area Increases:
__ (a) Sprinkler: Allowable areas in Table
B may be increased by adding auto-
matic sprinklers, as follows:
__ For one-story buildings: 300%
increase (Is = 300%).
___ For multistory buildings: 200%
increase (Is =200%).
___ (b) Frontage: Allowable areas (except
H-1, -2, or -3) can be further in-
creased by keeping the building away
from property lines and other build-
ings (a property line is usually as-
sumed halfway between two buildings
for the purposes of yard separation),
or by facing on a wide street. Since
this is a credit for enabling fire truck
access (as well as for distance from
fires at other buildings) these yard
widths may have to be measured
from the edge of roof overhangs.
This increase is allowed only when
25% (or more) of the building’s
perimeter adjoins an open space of
20" (or more) width. Increase for
frontage is calculated by:

I;=100 [F/P - 0.25] W/30
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Where: I;= % area increase
F = perimeter of building
which fronts on min.
20'-wide open space
P = perimeter of building
W = min. width of open
space (must be at
least 20") W/30 must
not exceed 1 (or 2 in
some cases)
For rough planning, use the fol-
lowing table of approximations:

Open Yard Area
perimeter  width increase

50% 20" 16.5%
50% 30’ 25%
75% 20' 33.3%
75% 30’ 50%

100% 20' 50%

100% 30’ 75% max.

__ (¢) Area of increase for both frontage
and sprinkler is then calculated:

100 100

Where: A, = adjusted allowable

area per floor, in SF

A, = area per floor per

Table B
I; = from preceding
formula
I; = increase due to sprin-
klers, per (a), above
__ (d) Unlimited area buildings and other
area increases:

__ (i) Unlimited area Buildings
permitted under the fol-
lowing conditions:

___ One-story F-2 or S-2
with min. 60" yard of
any construction type.

___ One-story sprinklered
Groups A-4,B,F, M, or

A=A+ [ Al +A’I‘]
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S with 60" yard (sprin-
klers may be omitted
from participant areas
of A-4 under specific
conditions).

___ Two-story sprinklered
B, F, M, or S uses with
min. 60" yards.

__ (ii) Reduction of 60" open

space down to 40" permit-
ted where:

Reduction applies to
<75% of building pe-
rimeter.

Exterior walls at re-
duced open space to be
min. 3 hours.

Openings in wall at
reduced open space to
be protected 3 hours.

__ (iii)In_Groups F and S, fire

areas of H-2, H-3, and H-4
permitted up to 10% of
floor area where located
at building perimeter, but
not to exceed areas based
on Table C plus frontage
increases.

Such fire areas not
located at perimeter only
permitted up to 25% of area
limitations of Table C.

__ (iv) Group E occupancies may

be unlimited in area where:

__ One story.

_ Type II, IIIA, or IV
construction.

___ Each classroom to have
two means of egress, with
at least one to outside.

__ Sprinklered.

__ 60" yards.

__ (v) Motion picture theaters may

be unlimited in area where:
__ One story.
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__ Type I or II construc-
tion.

___ Sprinklered.

___ 60" yards.

__ (2) Compartmenting: A building may be split
into compartments (or “fire areas™) creating
one or more smaller separate buildings. This
is done by fire walls which, in most cases,
must extend 18" beyond exterior walls and
from the foundation to 30" above the roof.

Allowable Building Height: Table C specifies the
maximum number of stories that can be built in a
particular construction type. By credit for sprinklers,
height may be increased as follows:

__ (1) Group R occupancies protected with resi-
dential-type sprinklers are allowed height
increase of 1 story and 20" permitted up to a
limit of 4 stories or 60'.

__ (2) All other sprinklered occupancies, height
values in Table C permitted to be increased
by 1 story and 20'.

_ (3) Height increases for sprinklered buildings
are in addition to the area increases
(except for I-2 [of Type II-B, 111, IV, or V
construction]| and Group H-1, -2, -3, or -5
occupancies).

Construction Type: Based on the preceding, you can
now select the construction type. Construction types
are based on whether or not the building construc-
tion materials are combustible or noncombustible,
and on the number of hours that a wall, column,
beam, floor, or other structural element can resist
fire. Wood is an example of a material that is com-
bustible. Steel and concrete are examples of noncom-
bustible materials. Steel, however, will lose structural
strength as it begins to soften in the heat of a fire.
Therefore fire proofing is required for steel members
for a fire rating.

There are two ways that construction can be resistant
to fire. First it can be fire-resistive—built of a monolithic,
noncombustible material like concrete or masonry.
Second, it can be protected—encased in a noncom-
bustible material such as steel columns or wood
studs covered with gypsum plaster, wallboard, etc.
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The following are the construction types per the
IBC:
Type I and Type II (fire-resistive) construction is
noncombustible, built from concrete, masonry,
and/or encased steel, and is used when substan-
tial hourly ratings (2 to 3 hours) are required.
Type II-B construction is of the same materials
as already mentioned, but the hourly ratings are
lower. Light steel framing would fit into this cat-
egory.
Type III-A, IV, V-A construction has noncom-
bustible exterior walls of masonry or concrete,
and interior construction of any allowable
material including wood.
Type IV construction is combustible heavy tim-
ber framing. It achieves its rating from the
large size of the timber (2" to 3" thickness,
min., actual). The outer surface chars, creating
a fire-resistant layer that protects the remain-
ing wood. Exterior walls must be of noncom-
bustible materials.
Type V-B construction is of light wood framing.
Note: As the type number goes up, the cost of con-
struction goes down, so generally use the lowest
construction type (highest number) the code allows.

IBC 1 11 11 v |4
A B A B A B — A B
Hourly Ratings: See Table D for specific require-
ments of each construction type. See p. 120 on how
to achieve these ratings.
Occupancy Separations: For hourly ratings, these
are determined from Table E. Most buildings will
have some mix of occupancies. If one of the occu-
pancies is a minor area and subservient to the major
one, the whole building can often be classified by
the major occupancy. It will then have to meet the
requirements of the more restrictive occupancy, but
no separating walls will be necessary.
Sprinkler Requirements: A sprinkler system can be
used to substitute for 1-hour construction if it is not
otherwise required by the code and is not used for
area or height increases. However, in most cases,
exit access corridors, exit stairs, shafts, area separa-
tion walls and similar structures must maintain their
required fire protection.
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A sprinkler system is the most effective way to
provide life and fire safety in a building. The IBC
requires fire sprinklers in the following situations:
___ Assembly occupancies: Sprinklers to be pro-
vided throughout Group A areas as well as all
floors between Group A and level of exit dis-
charge, where:

__ A-1 uses exceeding 12,000 SF, or occupant
load > 300.

__ A-2uses where fire area exceeds 5000 SF, or
occupant load > 300.

_ A-3 uses where fire area exceeds 12,000 SF
or occupant load > 300.

__ A-4 same as A-3, with exemption for partici-
pant sports areas where main floor located at
level exit discharge of main entrance and exit.

__ A-5concession stands, retail areas, press boxes,
and other accessory use areas > 1000 SF.

Educational occupancies, where floor area ex-

ceeds 20,000 SF or schools below exit discharge

level, except where each classroom has one exit
door at ground level.

Commercial and industrial uses:

__ Groups F-1 and S-1 where their fire areas >
12,000 SF, or where > 3 stories, or where >
24,000 SF total of all floors.

___ Repair garages under the following condi-
tions:

___ Buildings = 2 stories, including base-
ments where fire area > 10,000 SF.

___ Buildings of one story where fire area >
12,000 SF.

___ Buildings with repair garage in basement.

__ S-2 enclosed parking garage, unless located
under Group R-3.

___ Buildings used for storage of commercial
trucks or buses where fire area exceeds
5000 SF.

Hazardous (H) occupancies.

___Institutional (I) occupancies.

___ Mercantile (M) occupancies where:

__ Fire area > 12,000 SF.

___ More than 3 stories high.

___ Total fire area on all floors (including mez-
zanines) > 24,000 SF.
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___ Residential occupancies:

__ R-1 hotel uses, regardless of number of sto-
ries or guest rooms (except motels where
guest rooms not more than 3 stories above
lowest level of exit discharge and each guest
room has at least one door direct to exterior
egress).

R-2 apartment house, congregate residence
uses more than 2 stories in height, including
basements, or having more than 16 DUs per
fire area.
R-4 residential care or assisted living facili-
ties having more than 8 occupants per fire
area.
All occupancies without sufficient fire depart-
ment access through outside wall at basement or
floor in excess of 1500 SF (Group R-3 and
Group U excluded). Sufficient access is 20 SF
of openings with a minimum dimension of 30"
per 50 LF of wall. If these openings are on only
one side, the floor dimension cannot exceed 75’
from the opening. Furthermore, sprinklers are
required in buildings with a floor level that is
located 55" above the lowest level of fire truck
access (excluding airport control towers, open
parking garages, and F-2 occupancies).
Miscellaneous: Rubbish and linen chutes;
nitrate film storerooms; and combustible-fiber
storage vaults, atriums, and stages.
See p. 521 for sprinkler installations.

___ i Fire Areas, Walls, Barriers, and Partitions:

___ Fire Areas: Create separate compartments that

are enclosed by fire-resistance-rated elements.

These compartments may be due to occupancy

separations (per g, above), or may be chosen by

the architect to obtain greater building size

(where each compartment is a separate building).

Fire-Resistance-Rated-Elements:

___ Fire Walls: A rated wall (to enclose fire
areas) with protected openings that extends
continuously from foundation to or through
roof (with some exceptions). A collapse
from fire on one side will not allow collapse
on the other. Used for fire compartments to
allow larger buildings. See ¢ (2), above. See
Table F for required ratings of fire walls.
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___ Fire Barriers: A rated wall used for required
occupancy separations (see Table E). Note
that the rating can be reduced 1 hour
(except H and I-2 occupancies) when a
sprinkler system is used (even if sprinkler is
required). Also used to enclose vertical exit
enclosures, exit passageways, horizontal
exits, and incidental use areas. Floors that
support barriers must be of the same rating
(except for some incidental use separa-
tions). If building is sprinklered, there is no
limit on openings or fire doors; otherwise,
the openings are limited to 25% of the
length of wall (a single opening is limited to
120 SF). This also applies to fire walls. Open-
ings must be rated per Table G on page 130.
Fire Partitions:

__ One-hour rated walls for:
___ Protected corridors, where re-
quired by Table H (see p. 131).
___ Separate dwelling units (DUSs).
___ Separating guest rooms in R-1.
__ Separating tenant spaces in covered

malls.
___ Half-hour-rated walls in sprinklered
buildings for:
___ Construction Types II-B, III-B, or
V-B.

__ Separations of dwelling units or
guest rooms.

___ Floors supporting partition must be of
same rating (except for ’5-hour-rated
walls).

___ Openings must be 20 minutes for corri-
dor walls and 45 minutes for others.

Fire Protection of Exterior Walls and Windows: This
is a function of location of the building on the prop-
erty and the occupancy type. See Table I, p. 122. As
buildings get closer together, or closer to a property
line, the requirements becomes more restrictive.
See Table I (p. 122) for allowable area openings.
Where both protected and unprotected openings
are used, the total of openings must not exceed:

A Au
R
a a,

<1.0
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Where: A = actual area of protected opening
a = allowable area of protected opening
A, = actual area of unprotected opening
a, = allowable area of unprotected opening
See Table G (p. 130) for where openings are required
to be protected.

k. Exiting and Stairs: At the conceptual stage of archi-
tectural design, the most important aspects of the
building code requirements are the number and dis-
tribution of exits.

ENCLOZED EXIT STARWAY EXIT ACCESS, EXIT,
AND EXIT DIECHARGE

WNELVPER AL
INTERVENING COMPNENTS
GUCH AL

INTERVENING RoOMS
AGLE ALLESSWAYS
AVPLES

DOORE / DOORWAYS
STARTG AT ANY OUVPIED LORRIPORS

FOINT IN BUnonG o7 A EXTERIOR BT BAiCoNIEh ﬁ ENce
FORTION OF THS BUILDING GATES AT

RAMPS
STAIRWAYS E’”Y”‘
EXIT ENCLOSU A

HORIZONTAL EXITS

EXVT PAGGAGEWAYE
ELEESS BALLONIES
EXTEROR EXNT STAIRWAYE
ELRESS COURTE

NaE e

EXAMPLE OF EGRESS
SYSTEM

A means of egress is a continuous path of travel
from any point in a building or structure to the open
air outside at ground level (public way). It consists
of three separate and distinct parts:

1. Exitaccess

__ 2. The exit

__ 3. The exit discharge

The exit access leads to an exit. See Tables M and
N, where only one is required; otherwise a minimum
of two exits are almost always required. Other gen-
eral requirements:

__ 1. Exit width determined by Table J, p. 132, but
corridor width is usually no less than 44", It
can be 36" for fewer than 51 people. School
corridors must be 6" wide. Hospitals 8" wide.
Large residential care homes, 5’ wide.
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___ 2. Dead-end corridors are usually limited to 20’
long (in some cases 50" to 75).

3. When more than one exit is required, the
occupant should be able to go toward either
exit from any point in the corridor system.

. Corridors used for exit access usually require
1-hour construction.

. Maximum travel distance from any point to
an exit is per Table L on p. 133.

. Handrails or fully open doors cannot extend
more than 7" into the corridor.

. Doors at their worst extension into the corri-
dor cannot obstruct the required width by
more than half.
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The exit is that portion of a means of egress that is
separated from the area of the building from which
escape is made, by walls, floors, doors, or other
means that provide the protected path necessary for
the occupants to proceed with safety to a public
space. The most common form the exit takes is an
enclosed stairway. In a single-story building the exit
is the door opening to the outside.
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After determining occupant load (Table A, p. 110)
for spaces, rooms, floors, etc., use the following
guidelines:

1. In some cases one exit can be used (see
above), but often buildings need two exits
(see Table K, p. 129). In more than one story,
stairs become part of an exit. Elevators are
not exits.

2. In buildings 4 stories and higher and in
types I and II-B construction, the exit stairs
are required to have 2-hour enclosure; other-
wise, 1 hour is acceptable.

3. When two exits are required (for unsprin-
klered buildings), they have to be separated
by a distance equal to half the diagonal
dimension of the floor and/or room the exits
are serving (measured in straight lines). See
sketch below. If the building is sprinklered,
the minimum separation is /; rd.

4. Where more than two exits are required,
two of them need to be separated by at least
half the diagonal dimension. The others are
spaced to provide good access from any
direction.

5. May exit from room through adjoining
rooms (except rooms that are accessory
or high-hazard occupancy), provided ad-
joining rooms (other than DUs) are not
kitchens, storerooms, toilets, closets, etc.
Foyers, lobbies, and reception rooms are

‘Ao\"(’/ //
\/\\) —~ 54 P
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not considered adjoining rooms and can
always be exited through.

6. The total exit width required (in inches) is
determined by multiplying the occupant
load by the factors shown in Table J (p. 132).
This width should be divided equally among
the required number of exits.

7. Total occupant load for calculating exit stair
width is defined as the sum of the occupant
load on the floor in question. The maximum
exit stair width calculated is maintained for
the entire exit. See sketch on p. 104.

8. Minimum exit door width is 36" with 32"
clear opening. Maximum door width is 48".

9. The width of exit stairs, and the width of
landings between flights of stairs, must all be
the same and must meet the minimum exit
stair width requirements as calculated or:

44" min. width for an occupant load of 51 or
more
36" min. width for 50 or less

__10. Doors must swing in the direction of travel
when serving a hazardous area or when
serving an occupant load of 50 or more.

A horizontal exit is a way of passage through a 2-
hour fire wall into another area of the same building
or into a different building that will provide refuge
from smoke and fire. Horizontal exits cannot pro-
vide more than half of the required exit capacity,
and any such exit must discharge into an area capa-
ble of holding the occupant capacity of the exit. The
area is calculated at 3 SF/occupant. In institutional
occupancies the area needed is 15 SF/ambulatory
person and 30 SF/nonambulatory person.

Exit discharge is that portion of a means of egress
between the termination of an exit and a public way.
The most common form this takes is the door out of
an exit stairway opening onto a public street. Exits
can discharge through a courtyard with 1-hour walls
that connect the exit with a public way. 50% of the
exits can discharge through a street floor lobby area
if the entire street floor is sprinklered, the path
through the lobby is unobstructed and obvious, and
the level of discharge is separated from floors below.
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Smokeproof enclosures for exits are required in
any building with floors 75" above (or 30’ below) the
lowest ground level where fire trucks have access. A
smokeproof enclosure is an exit stair that is entered
through a vestibule that is ventilated by either nat-
ural or mechanical means such that products of
combustion from a fire will be limited in their pene-
tration of the exit-stair enclosure. Smokeproof
enclosures are required to be 2-hour construction.
They must discharge directly to the outside or
directly through a 2-hour exit passageway to the
outside. In a sprinklered building, mechanically
pressurized and vented stairways can be substituted
for smokeproof enclosures.
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Code Requirements for Stairs

Code requirements

General (including HC)
Private stairways (occ. <10)

Winding—min. required T at 12" from narrow side*

Spiral—at 12" from column*

Only permitted in R-3 dwellings and R-1 private apartments*

Riser
Min. Max. Min. width Headroom
4/! 7// 36!/ 6_8//
8 " 20 " 6_8 n

26!/

Circular: inside radius not less than 2x width of stair, min. T depth = 11" @ 12" from inside and 10" @ inside, 36"

min. width.

Rules of thumb for general stairs:

Interior 2R+T =25
Exterior 2R +T =26

Open risers not permitted in most situations.

*Requires handrail.
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Code Requirements for Ramp Slopes

Type Max. slope Max. rise Max. run

Required for accessibility 1:12% 5!

Others 1:.8% 5!

Assembly with fixed seats 1:5

HC, new facilities 1:12% 2.5 30’

HC, existing facilities 1:10% 6" 5
1:8% 3" 2

HC, curb ramps 1:10 6" 5

Historic buildings 1:6

Any walking surface steeper than 5% is a ramp.

Landings are to be as wide as widest ramp to landing. Depth to be 5’
min. Where landing is at a corner, it shall be 5" x 5" min.

*Requires handrails for ramps > 1:15.




NOTES




NOTES




2009 INTERNATIONAL BUILDING CODE®

TABLE 1004.1.1

MAXIMUM FLOOR AREA ALLOWANCES PER OCCUPANT

FLOOR AREA IN SG.

FUNCTION OF SPACE FT. PER OCCUPANT

Acc.essory storage areas, mechanical 300 gross
equipment room
Agricultural building 300 gross
Aircraft hangars 500 gross
Airport terminal

Baggage claim 20 gross

Baggage handling 300 gross

Concourse 100 gross

Waiting areas 15 gross
Assembly

Gaming floors (keno, slots, etc.) 11 gross

Assembly with fixed seats

See Section 1004.7

Assembly without fixed seats

Concentrated (chairs only—not fixed) 7 net
Standing space 5 net
Unconcentrated (tables and chairs) 15 net
Bowling centers, allow 5 persons for each
lane including 15 feet of runway, and for
additional areas 7 net
Business areas 100 gross
Courtrooms—other than fixed seating areas 40 net
Day care 35 net
Dormitories 50 gross

(continued)
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TABLE 1004.1.1, (continued)
MAXIMUM FLOOR AREA ALLOWANCES PER OCCUPANT

FLOOR AREA INSG.

FUNCTION OF SPACE FT. PER OCCUPANT

Educational

Classroom area 20 net

Shops and other vocational room areas 50 net
Exercise rooms 50 gross
H-5 Fabrication and manufacturing areas 200 gross
Industrial areas 100 gross
Institutional areas

Inpatient treatment areas 240 gross

Outpatient areas 100 gross

Sleeping areas 120 gross
Kitchens, commercial 200 gross
Library

Reading rooms 50 net

Stack area 100 gross
Locker rooms 50 gross
Mercantile

Areas on other floors 60 gross

Basement and grade floor areas 30 gross

Storage, stock, shipping areas 300 gross
Parking garages 200 gross
Residential 200 gross
Skating rinks, swimming pools

Rink and pool 50 gross

Decks 15 gross
Stages and platforms 15 net
Warehouses 500 gross

For SI: 1 square foot = 0.0929 m%.
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TABLE B (BC2009) (34)
OCCUPANCY CLASSIFICATIONS

ASSEMBLY GROUP A:

NOTE: A room or space used for

assembly purposes by less than 50

persons & accessory to another

occupancy shall be included as part
of that occupancy.

A-1 Assembly uses, usually with
fixed seating, intended for the
production and viewing of the
performing arts or motion
pictures including, but not
limited to:

Motion picture theaters
Theaters

TV & radio studios admit-
ting an audience

A-2 Assembly uses intended for
food and/or drink consump-

tion including but not limited

to:

Banquet hails Restaurants

Night clubs Taverns & bars

A-3 Assembly uses intended for
worship, recreation, or
amusement and other assem-
bly uses not classified else-
where in Group A, including,
but not limited to:
Amusement Gymnasiums
arcades Indoor swim-
Art galleries  ming pools
Auditoriums  Indoor tennis
Bowling alleys courts

Churches Lecture halls
Community Libraries
halls Museums
Courtrooms  Passenger
Dance halls stations
Exhibition (wait areas)
halls Pool and
Funeral bitliard
parlors parlors
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A-4 Assembly uses intended for
viewing of indoor sporting
events and activities with
spectator seating, including,
but not limited to:

Arenas Swimming pools
Skating rinks  Tennis courts

A-5 Assembly uses intended for
participation in or viewing
outdoor activities including,
but not limited to:

Amusement Bleachers
park Grandstands
structures Stadiums

BUSINESS GROUP B:

Includes, among others, the use of a
building or structure, or a portion
thereof, for office, professional or
service-type transactions, including
storage of records and accounts.
Business occupancies include, but
not limited to:

Airport traffic control towers
Animal hospitals, kennels & pounds
Banks

Barber and beauty shops

Car wash

Civic administration

Clinic - outpatient

Dry cleaning & laundries (pick-up
& delivery stations & self-serv.)
Educ. occupancies above 12th grade
Electronic data processing

Fire & police stations

Laboratories: testing & research
Motor vehicie showrooms

Post offices

Print shops

Professional services (architects,
attorneys, dentists, physicians,
engineers, etc.)

Radio & TV stations

Telephone exchanges
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EDUCATIONAL GROUP E:
Includes, among others, the use of a
building or structure, or a portion Furniture (cabinet)
thereof, by six or more persons at Hemp products
any one time for educational

purposes through the 12th grade.

Also, for educational, supervision or
personal care services for more than
five children older than 2 1/2 years

F-2 Low Hazard
Factory Industrial uses that
involve the fabrication or
manufacturing of noncom-

of age. bustible materials which

during finishing, packing or

FACTORY GROUP F: processing do not involve a

Includes, among others, the use of a significant  fire  hazard,

building or structure, or a portion including, but not limited to:
thereof, for assembling, dissembl- Beverages Glass products
ing, fabricating, finishing, manu- (nonalcoholic) Gypsum
facturing, packaging, repair or Brick & masonry Ice
processing operations that are not Ceramic products  Metal products
classified as a Group H hazardous Foundries (fab. & assemb.)

occupancy.

HIGH-HAZARD GROUP H:
The IBC provides a detailed and
complicated  definition of each
classification. Usually the class-

F-1 Moderate Hazard
Factory Industrial uses not
classified as F-2, including,
but not limited to:

Aircraft Jute products ification will have t be done by the
Appliances Laundries Building Official, the Fire Depart-
Athletic equip. Leather products ment, or a special consultant.

Automobiles and other Machinery Because the H occupancies have
motor vehicles Metals becorme so confusing here is a very
Bakeries Millwork brief description of each:

Beverages (alcoholic) Motion picture & H-1: Containing high explosion hazard
Bicycles TV filming materials.

Boats: building Musical instruments  H.2: where flammable or combustible

Brooms or brushes Optical goods

Business machines Paper mill or prod.
Cameras & photo equip. Photographic film H-3
Canvas or sim. fabric Plastic products

Carpets & rugs {in- Printing or publ.

cludes cleaning) Recreational veh.

liquids or dusts are being
created, mixed, or dispensed.

. Use of flammable or combustible
liquids including organic per-
oxides and oxidizers that present

Clothing Refuse incineration high fire or heat release hazards.
Const. & agri machinery  Shoes H- 4: Containing health hazard mat-
Disinfectants Soaps & detergents erials such as corrosive and

Dry cleaning & dyeing Textiles toxic chemicals.

Elect. light plants & Tobacco H-5: Semiconductor fabrication fac-
power houses Trailers flities

Electronics Upholstering :

Engines (incl. rebuilding) Wood: distillation

Food processing Woodworking
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INSTITUTIONAL GROUP I:

This occupancy is where people with
physical limitations in a medical
setting or people with restricted
limitations in a penal setting are
housed.

I-1: Housing more than 16
persons in a residential
setting (R-3if 5 orless).

|- 2: Medical buildings with 24
hour care of more than 5
people, such as hospitals,
nursing homes, etc. (R-3 if
less than 5 people). This
also includes 24 hour child
care under 2 1/2 years oid.

1~ 3: Housing more than 5 people
in secured conditions such as
prisons and jails. The code
further has 5 subconditions.

|- 4: Day carefacilities(R-3 if 5
or less persons and E under
certain conditions).

MERCANTILE GROUP M:

Buildings used for the display, sale,
and stocking of goods such as
department stores, drug stores,
markets, sales rooms, retail or
wholesale stores. This also includes
motor vehicle service stations.

RESIDENTIAL GROUP R:

R-

NOTE: One and two family dwellings

are covered under the International

Residential Code (IRC). See page 71.

Otherwise:

1: Transient fodging (under 30
days), including hotels and
motels.

R-2: Three or more dwelling units

114

(DUs) where occupancy is
mainly permanent, such as
apartments, dormitories,
convents, fraternity, and
sorority houses.

R -4: Residential care or

R - 3: Buildings containing one or two

DUs for adult or child care of any
age for less than 24 hours with
not more than 5 people.

assisted
living facilities, where number
of residents is greater than 5 but
not greater than 16.

STORAGE GROUP S:

Warehousing, subdivided as follows:

S-1 MODERATE-HAZARD:
Stores flammable products that
are not classified as H. This also
includes some car repair
garages and aircraft hangars.
See code for details.

S-2 LOW-HAZARD:
Storage of  noncombustible
materials. See code for details.

UTILITY GROUP U:

Building of an accessory nature, not
classified elsewhere. Carports and
private garages are included.

OTHER SPECIAL
OCCUPANCIES:

Covered Mall Buildings

High Rise Buildings (above
75’ high).

Atriums

Underground Buildings
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GENERAL BUILDING HEIGHTS AND AREAS

TABLE C

TABLE 503

ALLOWABLE BUILDING HEIGHTS AND AREAS®

Building height limitations shown in feet above grade plane. Story limitations shown as stories above grade plane.

Building area li

ions shown in square feet, as determined by the definition of “Area, building,” per story

TYPE OF CONSTRUCTION
TYPE| TYPEN TYPEN TYPEW TYPEY
A | B A i s A 8 HT A | B
HEIGHT {feet) v | 1s0 65 | 55 55 | 55 5 sa | ae
STORIES(S)
GROUP AREA (A)
s s uL 5 3 2 3 2 3 2 }
- A UL UL 15.500 3,500 14,000 3,500 15,000 11,500 5500
. s UL 1 3 2 3 2 3 2 ;
- A UL UL 15,500 9,500 14000 9,500 15,000 11,500 6,000
s s UL 1 3 2 3 2 3 2 1
- A UL UL 15,508 9,560 14,000 9,500 15,000 15,500 6008
it 5 UL 1 3 2 3 2 3 2 1
A UL UL 15,500 9,560 14,000 9,500 15,600 11,500 6.000
as 5 UL oL uL UL UL uL UL UL UL
- A UL UL UL UL UL UL uL UL 0w
s s UL u s 3 5 3 5 3 2
| A i UL 37,500 23,000 28,500 19,000 36,000 18,000 9,000
e 5 UL s 3 2 3 2 3 1 1
A UL, uL 26,500 14,500 23500 14,500 25,500 18,500 500
o 5 UL i 1 2 3 2 4 2 1
- A UL UL 25,000 15,500 19,000 12,000 13,500 14,000 8,500
o 5 UL I 5 3 4 3 5 3 2
5 A UL uL 37500 {23,000 28,500 18000 50,500 21,000 13,000
i s 1 1 1 1 1 1 1 1 NP
- A 21,000 16,500 11,000 7,000 9,500 7,000 10500 7,500 NP
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TABLE 503, (continued)

ALLOWAEBLE BUILDING HEIGHTS AND AREAS®

Building height limttations shown in feet above grade plane. Story limitations shown as stories above grade plane.
Building area limitations shown in square feet, as defermined by the definition of “Area, building,” per story

TYPE OF CONSTRUCTICN

TYPE | TYPEI TYPE It TYPEWW TYPEY
T T 7
A : B A I B A r B HT a i a8
:
HEIGHT{feet) uL | 150 85 | 55 65 | 55 65 50 | 20
STORIES(S)
GROUP AREA (A)
;
- s CL 3 1 o2 1 2 1 ! L
- A 21,000 16,500 7006 | 9,500 7.000 10,500 72500 3000
e s uL 6 2 : 4 2 3 2 P
- A UL 60000 | 14000 17,500 13,000 25,500 10,000 5,000
- s UL 7 5 3 5 3 5 3 2
A uL UL 37,500 17,500 28,500 17,500 36,000 18,000 5,500
s s 4 4 3 3 3 3 3 3 2
- A uL UL 37,560 23,000 28,500 19,000 36,000 18,000 9,000
- s UL 9 4 3 4 3 4 3 2
- A UL 55000 19,060 10,000 16,500 10,006 18,000 10,500 4,500
:
- s UL 4 2 L 1 NP 1 i NP
- A UL UL 15,000 11.000 12,000 NP 12,000 9,500 NP
- s UL 4 2 1 2 1 2 2 1
- A UL UL 15,000 ¢ 10,000 10,500 7,500 12,000 7,500 5,000
4 3 UL 5 3 2 3 2 3 1 ; 1
N . e UL 60,500 26,500 13,000 23,500 13,000 25,500 15,500 1 9000
o s UL 1 4 2 4 2 4 3 1
. A uL UL 21,500 12500 [ 18,500 12,500 20500 | 14000 | 9000
- s uL 1 4 4 i 4 4 4 3 2
- A UL UL 24,000 16,000 24,000 15,000 20,500 12,000 7,000
R2 $ UL 1 4 4 4 4 4 3 2
- A UL UL 24,000 16,000 24,000 16,000 20,500 12,000 7,000
23 s UL 11 4 4 4 4 4 3 3
3 A L i UL UL UL UL UL UL UL UL

¥E)
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TABLE 503, {continued}
ALLCWABLE BUILDING HEIGHTS AND AREAS®
Building height limitations shown in feet above grade plane. Story limitations shown as stories above grade plane.
Building area limitations shown in sguare feet, as determined by the definition of “Area, building,” per story

TYPE OF CONSTRUCTION
TYPE§ TYPEN TYPE N TYPEWV TYPEV
T
A | -] A [ B A 8 HT A B
HEIGHT{feet} UL l 160 65 I 55 55 ] 55 65 58 ] 40
STORIES(S)
GROUP AREA (A}
s UL i1 4 4 4 4 4 3 2
R4 A UL UL 24000 4 16000 | 24000 | 16,000 20500} 12000 | 7000
&1 S UL 11 4 2 3 2 4 3 1
A UL 48,000 26,000 17,500 26,000 17,500 25,500 14,000 9,000
gate s UL 1 5 3 4 3 5 4 2
A UL 79,000 39,000 26,000 35,000 26,000 38,300 21,000 13,500
- 5 UL 5 4 2 3 2 4 2 1
A UL 35,500 15,000 £,500 14,000 8,500 18,000 9,000 3,500

For 5L 1 oot =304.8 mm, ! square foot = 0.0929m?.
A = building area per stary, 5 = stories above grade plane, UL = Unlimited, NP = Not permitted.
a. See the following sections for general exceptions to Table 503:
L. Bection 3042, Allowable building height and story increase due to automatic sprinkler system instafiation.
2. Section 506.2, Allowable building area increase due 1o street frontage.
3. Section 506.3, Allowable building area increase due to automatic sprinkler system installation.
4. Section 507, Unlimited area buildings.
b. For open parking stractures, see Section 404.3.
c. For private garages, see Section 406.1.
d. See Section 415.5 for limitations.
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TABLE P

(34)

TABLE &01
FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS {hours)
TYPEIL TYPE It TYPE TYPE IV TYPEY
BUILDING ELEMENT A B Ad B ad B HT Al

Primary structural frame® a a

{see Section 202) 3 2 ! 0 1 0 HT !
Bearing walls

Exterior™ 2 3 2 1 0 2 2 2 1

Interior 32 28 1 0 1 H 1/HT 1
Nonbearing walls and partitions

Exterior See Table 602
Nonbearing walls and patitions 0 0 0 0 0 0 |See Section 60246 0

terior®

Floor construction and secondary

members (see Section 202) 2 2 I 0 1 0 HT 1
Roef construction and secondary 114.p bc be . boo be

members {see Section 202) 2 I L g 1 0 HT L
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TABLE 601, (continued)
FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (hours)

For SI: 1 foot =304.8 mm.

a.
b.

a o

ga ™

Roof supports: Fire-resistance ratings of primary structural frame and bearing walls are permitted to be reduced by 1 hour where supporting a roof only.
Except in Group F-1, H, M and S-1 occupancies, fire protection of structural members shall not be required, including protection of roof framing and decking
where every part of the roof construction is 20 feet or more above any floor immediately below. Fire-retardant-treated wood members shall be allowed to be used
for such unprotected members.

. In all occupancies, heavy timber shall be allowed where a 1-hour or less fire-resistance rating is required.

An approved automatic sprinkler system in accordance with Section 903.3.1.1 shall be allowed to be substituted for 1-hour fire-resistance-rated construction, pro-
vided such system is not otherwise required by other provisions of the code or used for an allowable area increase in accordance with Section 506.3 or an allowable
height increase in accordance with Section 504.2. The 1-hour substitution for the fire resistance of exterior walls shall not be permitted.

Not less than the fire-resistance rating required by other sections of this code.

. Not less than the fire-resistance rating based on fire separation distance (see Table 602).
. Not less than the fire-resistance rating as referenced in Section 704.10

}

\
)

vE
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MAXIMUM AREA OF EXTERIOR WALL OPENINGS BASED ON FIRE SEPARATION DISTANCE AND DEGREE OF OPENING PROTECTION

TABLE T

TABLE 705.8

FIRE AND SMOKE PROTECTION FEATURES

FIRE SEPARATION DISTANCE

{fest) DEGREE OF OPENING PROTECTION ALLOWABLE AREA®
Unprotected, Nonsprinklered {UP, NS} Not Permitted
Oto less than 35°¢ Unprotected, Sprinklered (UP, St Not Permitted
Protected (P) Not Permitted
Unprotected, Nonsprinklered {UP, NS) Not Permitted
3 to less than 5%° Unprotected, Sprinklered (UP, S)! 15%
Protected (P) 15%
Unprotected, Nonsprinklered {UP, NS) 10%"
5 to less than 10%f Unprotected, Sprinklered (UP, S) 25%
Protected {P) 25%
Unprotected, Nonsprinklered (UP, NS) 15%"
10 to less than 15%%2 Unprotected, Sprinklered (UP, S) 45%,
Protected (P) 45%
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MAXIMUM AREA OF EXTERIOR WALL OPENINGS BASED ON FIRE SEPARATION DISTANCE AND DEGREE OF OPENING PROTECTION

TABLE 705.8, {comiinued)

FIRE SEPARATION DISTANCE
(feet) DEGREE OF OPENING PROTECTION ALLOWABLE AREA®
Unpretected, Nonsprinklered (UP, NS) 25%
15 to less than 205 & Unprotected, Sprinklered (UP, S) 75%
Protecied (P) V5%
Unprotected, Nonsprinkiered {(UP, NS) 45%
20 to less than 2552 Unprotected, Sprinklered (UP, S) No Limit
Protected (P) No Limit
Unprotected, Nonsprinklered (UP, NS) 70%
25 to less than 3058 Unprotected, Sprinklered (UP, 8)i No Limit
Protected (P} No Limit
Unprotected, Nonsprinklered (UP, NS) Mo Limit
30 or greater Unprotected, Sprinklered (UP, SY Not Required
| Protected (P) Not Required

}

\
)

vE
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TABLE 705.8, (continued)
MAXIMUM AREA OF EXTERIOR WALL OPENINGS BASED ON FIRE SEPARATION DISTANCE AND DEGREE OF OPENING PROTECTION

For SI: 1 foot = 304.8 mm.
UP,NS = Unprotected openings in buildings not equipped throughout with an automatic sprinkler system in accordance with Section 903.3.1.1.
UP,S = Unprotected openings in buildings equipped throughout with an automatic sprinkler system in accordance with Section 903.3.1.1.
= Openings protected with an opening protective assembly in accordance with Section 705.8.2.
Values indicated are the percentage of the area of the exterior wall, per story.
For the requirements for fire walls of buildings with differing heights, see Section 706.6.1.
For openings in a fire wall for buildings on the same lot, see Section 706.8.
The maximum percentage of unprotected and protected openings shall be 25 percent for Group R-3 occupancies.
Unprotected openings shall not be permitted for openings with a fire separation distance of less than 15 feet for Group H-2 and H-3 occupancies.
The area of unprotected and protected openings shall not be limited for Group R-3 occupancies, with afire separation distance of 5 feet or greater.
The area of openings in an open parking structure with a fire separation distance of 10 feet or greater shall not be limited.
Includes buildings accessory to Group R-3.
Not applicable to Group H-1, H-2 and H-3 occupancies.

SEREee AR R Y
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TABLE E =

TABLE 508.4
REQUIRED SEPARATION OF OCCUPANCIES (HOURS)
I ase 11, 13, 14 12 R F2,$2%U |B,F1,M,51 HA H-2 H-3, H4, H5 |
OCCUPANCY . S NS 5 NS =3 NS S NS S NS 5 NS s NS s NS 5 t NS
ALE N v 1 l2l2 x|t l2 N1 1|2 e Ne| 3 a] 2!
L0314 | — | — | N | N1 2 |Ne]| 1 1 1 |2 i~ NP 3 |NP] 2 | NP
12 —i— ]l -1t Ix|~x|2|n|2|n]| 2 |xine|Ne]| 3 |Ne| 2 |np
R =N sl a2t ne] 3 | np| 2 | N
Fas2e| — | — | — | — || || |~ nN|tlz2]ne|net 3| al|2]=
B, Fsl1 Mol - == == Nninine|ne|2]|3]|1]|2
H-1 e e e e e e e N eI
H-2 il ==t o =T we | 1 [ e
[T o [ [ e e [ e e [ [ U U U U [ N I TR e
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TABLE 508.4, (continued)
REQUIRED SEPARATION OF OCCUPANCIES (HOURS)

For SI: 1 square foot = 0.0929 m?.

= Buildings equipped throughout with an automatic sprinkler system installed in accordance with Section 903.3.1.1.

= Buildings not equipped throughout with an automatic sprinkler system installed in accordance with Section 903.3.1.1.
= No separation requirement.

5257
|

Not permitted.

. For Group H-5 occupancies, see Section 903.2.5.2.

. The required separation from areas used only for private or pleasure vehicles shall be reduced by 1 hour but to not less than 1 hour.
. See Section 406.1.4.

. Commercial kitchens need not be separated from the restaurant seating areas that they serve.

. Separation is not required between occupancies of the same classification.

For H-5 occupancies, see Section 415.8.2.2.

an o

oo

}

\
)

vE
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34
TABLE 602
FIRE-RESISTANCE RATING REQUIREMENTS FOR EXTERIOR WALLS BASED ON FIRE SEPARATION DISTANCE® ¢
FIRE SEPARATION DISTAMCE =X OCCUPANCY OCCUPANCY OCCUPANCY
feet TYPE OF CONSTRUCTION GROUP H GROUP F-1,M, S-19 | GROUP A, B, E, F-2, |, R, $-29 U
X<5e All 3 2 1
1A 3 2 1
3EX <10 Others 2 1 1
IA, 1B 2 1 14
10<X <30 1B, VB 1 0 0
Others 1 1 1
X230 All 0 0 0

For SI: 1 foot = 304.8 mm,
a. Load-bearing exterior walls shall alse comply with the fire-resistance rating requirements of Table 601.
For special requirements for Group U occupancies, see Section 406.1.2.

b.
. See Section 706.1.1 for party walls.
. Open parking parages complying with Section 406 shall not be required to have a fire-resistance rating.
. The fire-resistance rating of an exterior wall is determined based upon the fire separation distance of the exterior wall and the story in which the wal islocated.
. For special requirements for Group H cccupancies, see Section 415.3.

. For special requirements for Groop § aircraft hangars, see Section 412.4.1.

e an
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TABLE &

TABLE 1021.1
MINIMUM NUMBER OF EXITS FOR OCCUPANT LOAD

OCCUPANT LOAD MINIMUM NUMBER OF EXITS
(persons per story) (per story)
1-500 2
501-1,000 3
More than 1,000 4

TABLE M ~

TABLE 1015.1
SPACES WITH ONE EXIT OR EXIT ACCESS DOORWAY

OCCUPANCY MAXIMUM OCCUPANT LOAD
A,B,E,EM, U 49
H-1, H-2, H-3 3 T
H-4, H-5,1-1, 13, I-4, R 10
S 29

a. Day care maximum occupant load is 10.
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TABLE G ©

TABLE 715.4
FIRE DOOR AND FIRE SHUTTER FIRE PROTECTION RATINGS
I REQUIRED ASSEMBLY RATING MINIMUM FIRE DOOR AND FIRE
| TYPE OF ASSEMBLY (hours) SHUTTER ASSEMBLY RATING (hours} |
| !
! 4 3 |
i Fire walls and fire barriers having a required fire-resistance 3 3 1
irating greater than 1 hour 2 14, 1
1, 1Y, |
[ 1
Fire barriers having a required fire-resistance rating of 1 hour:
Shaft, exit enclosure and exit passageway walls 1 1
Other fire barrers 1 3,
Fire partitions:
Corridor walis 1 VA
0.3 A
Other fire partitions 1 A
0.5 17,
3 11, i
Exterior walls 2 17, !
1 3,
Smoke barriers 1 1,k

a. Two doors, each with a fire protection rating of 1'/, hours, instalied on opposite sides of the same opening in a fire wall, shall be deemed equivalent in fire protection

rating to one 3-hour fire docr,
b. For testing requirements, see Section 715.4.3.
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TAEBLE H &

TABLE 1018.1
CORRIDOR FIRE-RESISTANCE RATING

REQUIRED FIRE-RESISTANCE RATING (hours}
OCCUPANCY OCCUPANT LOAD SERVED BY CORRIDOR Without sprinkler system With sprinkler system®

E-1,H-2,H-3 All Not Permitted 1
H-4, H-5 Greater than 30 Not Permitted 1
A B, EFEM,SU Greater than 30 1 0

R Greater than 10 Not Permitted 0.5
22,14 All Not Permitied 0
I-1,1-3 All Not Permitted *

a. For requirements for occapancies in Group I-2, see Sections 407.2 and 407.3.
b. For areduction in the fire-resistance rating for occupancies in Group I3, see Section 408.3.
¢. Buildings equipped throunghout with an automatic sprinkler system in accordance with Section 903.3.1.1 or 903.3.1.2 where allowed.
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Vs N

TASLE. J_

TABLE 1005.1
EGRESS WIDTH PER OCCUPANT SERVED

WITHOUT WITH
SPRINKLER SYSTEM SPRINKLER SYSTEM®
Other egress Other egress

Stairways | components | Stairways | components
(inches per | (inches per | (inches per | (inches per
OCCUPANCY occupant) occupant) occupant) occupant)

Occupancies
other than those 0.3 0.2 0.2 0.15
listed below

Hazardous: H-1,
H-2, H-3 and H-4

Institutional: I-2 NA NA 0.3 0.2

For SI:  1inch =25.4 mm. NA = Not applicable.

a. Buildings equipped throughout with an automatic sprinkler system in accor-
dance with Section 903.3.1.1 or 903.3.1.2.

0.7 04 0.3 0.2
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TABE .

TABLE 1016.1
EXIT ACCESS TRAVEL DISTANCE?

WITHOUT SPRINKLER WITH SPRINKLER
SYSTEM SYSTEM

OCCUPANCY (feet) (feet)

A E F-1, M|R, S-1 200 2500
1-1 Not Permitted 250¢

B 200 300¢
F-2,S-2,U 300 400¢
H-1 Not Permitted 75¢
H-2 Not Permitted 100¢
H-3 Not Permitted 150¢°
H-4 Not Permitted 175¢
H-5 Not Permitted 200¢
1-2,1-3, 14 Not Permitted 200¢

For SI: 1 foot = 304.8 mm.

a. See the following sections for modifications to exit access travel distance
requirements:

Section 402.4: For the distance limitation in malls.

Section 404.9: For the distance limitation through an atrium space.

Section 407.4: For the distance limitation in Group I-2.

Sections 408.6.1 and 408.8.1: For the distance limitations in Group I-3.

Section411.4: For the distance limitation in special amusement buildings.

Section 1014.2.2: For the distance limitation in Group I-2 hospital suites.

Section 1015.4: For the distance limitation in refrigeration machinery
rooms.

Section 1015.5: For the distance limitation in refrigerated rooms and spaces.

Section 1021.2: For buildings with one exit.

Section 1028.7: For increased limitation in assembly seating.

Section 1028.7: For increased limitation for assembly open-air seating.

Section 3103.4: For temporary structures.

Section 3104.9: For pedestrian walkways.

b. Buildings equipped throughout with an automatic sprinkler system in accor-
dance with Section 903.3.1.1 0r 903.3.1.2. See Section 903 for occupancies
where automatic sprinkier systems are permitted in accordance with Section
903.3.1.2.

c. Buildings equipped throughout with an automatic sprinkler system in accor-
dance with Section 903.3.1.1.
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TABLE. N

TABLE 1021.2
STORIES WITH ONE EXIT

MAXIMUM GCCUPANTS (CR DWELLING UNITS)
STORY OCCUPANCY PER FLOOR AND TRAVEL DISTANCE
A B B, FL M, U, & 49 occupanis and 75 feet travel distance
H-2,H-3 3 oecupants and 25 feet travel distance
First story or basement
H-4,H-5, LR 10 occupanis and 75 feet travel distance
52 29 occupanis and 100 feet travel distance
B" F,M, § 29 occupants and 75 feet travel distance
Second story . .
R-2 4 dwelling units and 50 feet travel distance
Third story R-2¢ 4 dwelling units and 50 feet travel distance

For SI: 1 foot = 304.8 mm.

a. For the required number of exits for parking structures, see Section 1021.1.2,
b. For the required member of exits for air traffic control towers, see Section 412.3.

c. Buildings classified as Group R-2 equipped thronghout with an automatic sprinkler system in accordance with Section 903.3.1.1 or 9G3.3.1.2 and provided with

emergency escape and rescue openings in accordance with Secticn 1029,

d. Group B, F and 5 occupancies in buildings equipped throughout with 2o autematic sprinkler system in accordance with Section 903.3.1.1 sheH have & maxinmm

travel distance of 100 feet.

e. Day care occupancies shall have a maximum cccupant load of 10,
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EXAMPLE PROBLEM

ROUGHLY CHECK FOR COPE REGUIREMENTS FOR THE DESIGN
OF A NEW (ORFORATE- HEADRUARTERS IN A SUBUEBAN SET-
TING ON A LARCE. SITE., THE PREGENT THINKING- & To HAVE A
S TTORY OFpICE BULDING WITH 2 FLOORS OF PARKING 1N
Twe BASEMENT, PELOW. PBECAKE OF INSURANCE. , THE
BUILDING WiLL BE FullY SPRINKLERED. PRESENT THINKING
& FOE A STEEL. 4IRS BLD'e, & A CONCRETE BASEMENT.

CHECK AGAINST IBL 2003 COPE

FoLLOWING THE SEQUENCE., STARTING ON PAGE 8495

a. OCCUPANT LOAD PER TARLE A B2 BISINEYS = |00 SF/occ.
PARKING = 200 %F/ocC.

b, OCCUPANCY © FER TABLE B 152 OFFiCe = B, FPARKING GAR-

AcE = S-2
C: ALLOWABLE AREA: (FER TABLE C)

oce. T o g ~r A
A B A B A B A B

S UL 1 5 K4 5 % 5 e z
A VL VL ZTe00 \22000) 28500 |00 26000 gy Geco

g 2 u 5 & 4 ER~ ¢ z
A UL Moo oo ero A 26000 Z8bo 2leoo (3500

7

DELECT 11 -B CONST. FoR A 4nEEL STRUCTURE = 23000 5F/FL.
HOLZ OFF ON 5-2 SELECTION FoR NOW.

(Y AREA |NCREASES
SPRINKIER CREVIT 2
(A OINCE BULDING K TO BE. cFPRINKLERED =
Is = 200%
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(b) FRONTAGE CREWIT:

ASSUME Bomé To HAVE FIRE DePT. ACCESS AROUND
WHOLE BUWOING, °, TIp= T5%

(€) INCREASE FOR (o) § (15), ABOVE ©

Aa = A’b + [Af If 5 At I
100 \oo
Aa = 22000 + [23000 %X 7% + 23000 x 200
100 1e0
Aa = 22000 + 17750 + 4000
Aa = 86250 SF / FLoor

X 3 Floors

258 150 SF TOTAL. FOR. 2 SToRY OFFKE

(d) ulLimiteo Agea
5-1 PARKING GARASE ALLOWEY NLIMITED AREA
BECAUSE OF TOTAL F.D. AXESS ARUND BLDG.
(2) COMPARTMENTING =
IN THEORY, THE BiLOING COWD BE ENLETS (N SiZe
IF COMPAETMENTEY WiTh 3 HOUR. FIRE WAL, MAK-
ING IT INTO SEPARATE. 258790 SF BULDINGD. RBECAISE
OF LAND AREA § (057>, WE Wil NOT Do TS,
4, ALOWABLE HeleHT

VER TABLE €, WE ARE ALOWED 4 STORIES. BY
HAVING SPRINKLERS, WE ABE AWOWED A ToTAL OF
5 STORIES, BECAVLE OF 0057, WE WILLSTAY WITH 2 SIORES

Cv CORNGTRICTION TYPE
-8 |2 uNPROTECTEY? NoN CompeTIBle (STEEL) ConNsT,

£, HovglY RATINGS * PER TABLE D, - & O Houg® Foe. All
ELEMENTZ.




Building Laws 139

q, OWUPANCY SEPARATION: FPER TABLE E, A OHot sef.
WAW & Re&'t. RPETWEEN A
B § 9-2, WE Wik MAKE THE
A @" CONCRETE SlA®.

N. SPRINKLER BEQUREMENTS. ©£.7 FARKING GARACES ARE
REQ'T. TO BE SPRNKLERED,
BUT WE ARE PlaNniNg 1D SPRwE-
LER THE WHILE BIILDING ANYRAY,

L. FiRe AREAS, WALLS, BARRIERS, & mermons.
FiRe ABels = N/A
Fike WaALLS = N/A
FIRE BARRIERS > Z HOUR BARRIEE. @ GROWD RLooE,,
(FER 9., ABOVE) + Fike STARS.
FIRE PAETITIONS=  N/A
ONE HWE RATED WALLESZ FER TABLE H, No RATING
NE TO SPRINELERS .
Yz Hour BTer wrie s EReé't. N -3 Speilkleres

1 EXTERIOR WALS
VER PRl ¢ NO BATING KER'D BEcASE > 20! 1o 2,

K, EXITING =
I PoR OFFice: 867250 SF/FL = geo .5 occ. Je
loo sF /occ.
2. VER TABLE K ° MUST HAVE % EXITS FER FLooR.
3, FOR TYPE ||-B, MUST HAVE Z HB WALS G EXIT STAIRS,
4, EXITS MUST BE ZEPARATED BY Vz DINGONAL & Zep
AT REASONABLE DISTANCE-
B, EXIT WIDTH FBR TABLE 1 ( W/ SPRINKLERS) 2
0. 2" /0o, FoR. STARWANS
o, 18 Joce. vor OTHER

862.5 6ct./FL + % ERrs = 287.9 0% /ENT
287.% 0co. X 0.2 0cc. = &1 og 4\ Q%" Pt SAIR WiTrH.

—
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r 287.50cc.X 0-18%0c. = 42.175", oA 44" or Bla!
CORB\DORE .,

PAZEMENT FPABKING GARAGE :
THE PABKING GABAGE |15 PLANNEY TO BE 2 PFlLOORS Below
THE OFFICE BUWDING . SINCE IT 12 PLANNEY T0 BE ConC.
CONST,, IT Wi BE 1N EFFECT 1-A CONSTRUCTION, WHICH
ALLOWS UNLimiTED ARBEA (EVEN THOUEH WE ABE LiIMiNNG T
TO THE FeoT PRINT OF THE OFFCE BILDING, ABOVE)., THE OCC.
LoAy FACTOR % 200 SF/6cc. FER TABLE A . AT

86750 SF/FL FERTARBLE K, 2

Zoo Srroce © 12128 oL /FL. Exire ARE BE0ID:

SUMMARY
k/_";_}”f/?? EXIT" Srares
W/ Z HE. Wans
ol f [ [ \E! 4TS wiggTes
(e N T2
n-3) %‘_) .. | orece

1-
ZHe, oce. \\\ S _J'
P @ //\).ﬁ__..__..__.\.:; }PAZK),‘G
GROUND Fl., \__..__...._._'5.{:_2*
oF
B.C. CONST.

AREA & OCCUPANT LOAD TARLE
FLOOE  ESleNATIoN EE AREA FBACTOE  pcC.

! & OFFICE  86ZED leo 862.%
2 i " " I ]
2 it 1 1 1 1l
AP [ OFFCE 758750 SF 2587.5 0.
-1 5-2 PABRING 86 780 2o 42,15
~Z it 1" 1 W i
T 52 FABKING  |7280p SF 862 5 occ..

L ToTAL BUILDING 42\ 250 SF 2450 oca.‘_'
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__ 4. Accessibility (ADA requirements) 27

a.

General: This section concerns accessibility for the
disabled as required by ADA, the Americans with
Disabilities Act (Title 3, the national civil rights
law), in nongovernment buildings (Title 2 applies to
government buildings), as amended by ICC/ANSI
A 117.1—1998. Local or state laws may (in part) be
more restrictive regarding alterations and new
buildings. For each item under consideration, the
more restrictive law applies.

ADA applies to:

__ (1) Places of public accommodation (excluding
private homes and clubs, as well as churches).
Often, buildings will have space both for the
general public and for employees only.

__ (2) Commercial facilities (employees only)
requirements are less restrictive, requiring
only an accessible entry, exit, and route
through each type of facility function. Only
when a disabled employee is hired (under
Title 1) do more restrictive standards apply.

Existing buildings are to comply by removing “archi-

tectural barriers,” as much as possible, when this is

“readily achievable” (not requiring undue expense,

hardship, or loss of space). This effort, in theory, is to

be ongoing until all barriers are removed. When bar-
riers can’t be readily removed, “equivalent facilita-
tion” is allowed. Priorities of removal are:

__ (1) Entry to places of public accommodation

__ (2) Access to areas where goods and services
are made available to the public

__ (3) Access to restroom facilities
___ (4) Removal of all other barriers
Alterations to existing buildings require a higher stan-
dard. To the maximum extent possible, the altered
portions are to be made accessible. If the altered area
is a “primary function” of the building, then an acces-
sible “path of travel” must be provided from the entry
to the area (including public restrooms, telephones,
and drinking fountains), with exemption only possi-
ble when cost of the path exceeds 20% of the cost to
alter the primary function.

New buildings or facilities must totally comply, with

only exceptions being situations of “structural

impracticability.”

See Index, p. 665, for a complete list of ADA

requirements.
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ACCESSIBLE ROUTE PER A VA

(INTERIOR ANU EXTERIOR)
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(FoR IMMEDIATE TR
PROVIJE. SPACE 47" W
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4 » 4 “p)
NOT T0 EXCEED N
2% (V4" / FT) FLOOR. MATERALS
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ANT & IF CARFET, NoT
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I. STRUCTURAL SYSTEMS
1)) 0 G G

Deciding which structural system to use is one of the most
prominent choices the architect will have to make. Factors
affecting the choice:

. Construction type by code
. Long vs. short spans

. Live loads

. Lateral and uplift

1

2

3

4. Low vs. high rise

5

6. Rules of thumb for estimating structural sizes

__ 1. Construction Type by Code (also see p. 94)

a.

Type I, A and B Construction—require noncom-
bustible materials (concrete, masonry, and steel)
and substantial fire-resistive ratings (2, 3, and 4
hours). Both these construction types can be used to
build large, tall buildings. The difference is that
Type I has no height or area limits for most occu-
pancies. Type I construction requires 3- and 4-hour
fire resistance for structural members. Type II has a
maximum height limit of 160" as well as floor area
and maximum story limitations as a function of
occupancy. Type II requires 3- and 2-hour ratings
and thus is less expensive. Typical systems are:

Concrete solid slabs 10'-25' spans
Concrete slabs win drop panels 20'-35'
Concrete 2-way slab on beam 2035
Concrete waffle slabs 30'-40'
Concrete joists 25'-45'
Concrete beams 15'-40'
Concrete girders 20'-60'
Concrete tees 20120
Concrete arches 60'-150
Concrete thin shell roofs 5070
Steel decking 5-15
Steel beams 15'-60'
Steel plate girders 40'-100"

Type II, A and B—uses structural members of non-
combustible construction materials for exterior
walls, interior bearing walls, columns, floors, and
roof. This is usually steel framing combined with
concrete or masonry walls. Typical systems are:

Steel decking
Steel beams

5'-15" spans
1560’

147
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Steel joists 15'-60
Steel plate girders 40'-100"
Steel trusses 4080’

Type III, A and B—has exterior walls of noncom-
bustible construction material, usually masonry or
concrete; interior columns, beams, floors, and roofs
can be constructed of any material, including wood.
Typical systems are:

Wood joists 10'-25" spans
Wood beams 15'-30’
Wood girders 20'-35'
Glu-lam beams 15'-120’
Wood trusses 30'-100'

Type 1V Heavy Timber Construction—achieves its
fire resistance from the large size of the timber
members used to frame it (2" actual +). Exterior
walls must be noncombustible. Typical systems are:

Wood planks, T and G, 3" 2'-6" spans
Wood beams, 6 x 10, min. 1530’
Wood girders, 6 x 10, min. 20'-35'
Wood trusses supporting floors

8" oc. min. and roofs 6" x 8" 30-100"

Wood arches supporting floors
8" oc. min. and roofs 6” x 8" min. ~ 30'-120’
Wood glu-lam beams 15'-120'

Type V, A and B—is essentially light wood-frame
construction. Typical systems are:

Plywood 2'—4' spans
Wood planks 2'-6'
Wood joists 10"-25'
Wood beams 15'-30
Wood girders 20'-35'
Glu-lam beams 15'-150
Wood trusses 30100

Note: When tentative structural system selected, see
Part 13 for details and costs.

__ 2.Long vs. Short Spans
Select shortest span for required functional use of the space.
Short spans (10', 20', or 30") suggest beams, girders, and
slabs in bending. This method encloses the space eco-
nomically with a minimum of structural depth.
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Long spans (50’ to 100" and beyond) suggest the use of shape
to aid the structural material. Arches, shells, domes, space
frames trusses, and similar structures use their shape to
help the structural material span the long distance.

Extra-long spans (such as stadiums) involve roofs spanning
great distances. The economics suggest tension and
inflatable membrane structures.

__ 3.Loads (vertical)
__a. Roof

__ (1) Live loads are determined by occupancy
and roof slope use. See p. 150.

__(2) Snow loads should be considered when
required (especially when loads are 20 1b/SF
or more). See App. B, item T. Take into
account:

__ (a) Heavier loads at drift locations
___ (b) Pitch of roof
___ (¢) Roof valleys

DRIFT

-~ PITCHES NER
20° SHED “NowW
BETTER

___ b. Floor: see p. 150.

___ 4. Low-vs. High-Rise

Low-rise (1 to 6 stories) structural design is dominated by
the collection of dead and live loads through slabs,
beams, and girders onto the walls and columns where the
load is taken down to the foundation and onto the earth
below.

High-rise (above 6 stories) design is dominated by the need
to withstand the lateral loading of wind and earthquake
on the building. This domination of lateral loading forces
a building to become more symmetrical as it gets taller.
There is substantial additional cost involved in a high-
rise solution because of this increased need to resist lat-
eral loads.

Costs: For each added story, add 1% to 5%.
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TABLE 1607.1

MINIMUM UNIFORMLY DISTRIBUTED LIVE LOADS, L,, AND
MINIMUM CONCENTRATED LIVE LOADSY

UNIFORM |[CONCENTRATED
OCCUPANCY OR USE {psf) (ibs.)
1. Apartments (see residential) — —
2. Access floor systems
Office use 50 2,000
Computer use 100 2,000
3. Armories and drill rooms 150 —
4. Assembly areas and theaters
Fixed seats (fastened to floor) 60
Follow spot, projections and control
T00mS 50 o
Lobbies 100
Movable seats 100
Stages and platforms 125
Other assembly areas 100
5. Balconies (exterior) and decks" Same as
occupancy —_
served
6. Bowling alleys 75 —
7. Catwalks 40 300
8. Cornices 60 —
9. Corridors, except as otherwise indicated 100 —
10. Dance halls and ballrooms 100 —
11. Dining rooms and restaurants 100 —
12. Dwellings (see residential) — —
13. Elevator machine room grating
03 — 300
(on area of 4 in“)
14. Finish light floor plate construction —
N 200
(on area of 1 in“}
15. Fire escapes 100
On single-family dwellings only 40 -
16. Garages (passenger vehicles only) 40 Note a

Trucks and buses

See Section 1607.6
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TABLE 1607.1, (continued)
MINIMUM UNIFORMLY DISTRIBUTED LIVE LOADS, L,, AND

MINIMUM CONCENTRATED LIVE LOADSS

UNIFORM |CONCENTRATED
OCCUPANCY OR USE (psf) {Ibs.)
17. Grandstands
(see stadium and arena bleachers) - -
18. Gymnasiums, main floors and balconies 100 —
19. Handrails, guards and grab bars See Section 1607.7
20. Hospitals
Corridors above first floor 80 1,000
Operating rooms, laboratories 60 1,000
Patient rooms 40 1,000
21. Hotels (see residential) — —
22. Libraries
Corridors above first floor 80 1,000
Reading rooms 60 1,000
Stack rooms 150° 1,000
23. Manufacturing
Heavy 250 3,000
Light 125 2,000
24. Marquees 75 —
25. Office buildings
Corridors above first floor 80 2,000
File and computer rooms shall be
designed for heavier loads based — —
on anticipated occupancy
Lobbies and first-floor corridors 100 2,000
Offices 50 2,000
26. Penal institutions
Cell blocks 40 —
Corridors 100
27. Residential
One- and two-family dwellings )
Uninhabitable attics without storage’ 10
Uninhabitable attics with limited 20
storageb ¥
Habitable attics and sleeping areas 30
All other areas 40 -
Hotels and multifamily dwellings
Private rooms and corridors 40
serving them
Public rooms and corridors serving 100
them

151
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TABLE 1607.1, (continued)
MINIMUM UNIFORMLY DISTRIBUTED LIVE LOADS, L,, AND
MINIMUM CONCENTRATED LIVE LOADSY

UNIFORM |CONCENTRATED
OCCUPANCY OR USE (psf) (Ibs.)
28. Reviewing stands, grandstands and
bleachers Note ¢
29. Roofs
All roof surfaces subject to maintenance 300
workers
Awnings and canopies
Fabric construction supported by a 5
lightweight rigid skeleton structure s
All other construction nonreéisx cible
Ordinary flat, pitched, and curved roofs 20
Primary roof members, exposed to a
work floor
Single panel point of lower chord of
roof trusses or any point along
primary structural members
supporting roofs:
Over manufacturing, storage
warehouses, and repair 2,000
BATEESS 300
All other occupancies
Roofs used for other special purposes Note 1 Note 1
Roofs used for promenade purposes 60
Roofs used for roof gardens or 100
assembly purposes
30. Schools
Classrooms 40 1,000
Corridors above first floor 80 1,000
First-floor corridors 100 1,000
31. Scuttles, skylight ribs and accessible 200
ceilings -
32. Sidewalks, vehicular driveways and ’ o
yards, subject to trucking 250 8,000
33. Skating rinks 100 _
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__ 5. Lateral and Uplift: Beyond vertical loads, consideration
should always be given to horizontal and uplift forces. For
these, the UBC factors in the importance of the occupancies
(“essential occupancy with higher safety factor”) such as
hospitals, police and fire stations, emergency structures,
hazardous-materials facilities, etc.

___a. The force a wind exerts varies according to the
square of its speed. If wind doubles, its pressure
quadruples. If wind speed halves, its pressure is
quartered. Wind forces are based on known wind
speeds. Minimum is usually 70 mph (13 1b/SF) and
maximum usually 130 mph (44 Ib/SF) for hurricanes
(with the range between being 4 1b to 7 Ib/SF added

Q o

BETWEEN
2:2 ¢ 41z

ﬁ AEmWMM i
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for each additional 10 mph). See App. B, item S.
Added to this are factors for height of the building.
Wind creates a suction effect on any roof slope of
less than about 20°. Also, see p. 374 for shingles.
Note: The new building codes have revised wind
speeds for gusts. It was decided, for simplicity’s
sake, to keep the 1997 UBC data.

Seismic forces are caused

by ground waves due to

earthquake shock, caus-

) ; ; 1
ing vertical and horizon- \ J &
tal movement. M’

The weight of the SEISMIC WAVE

building usually absorbs

the vertical element, leaving the horizontal force
transmitted through the building foundations to the
structure above. The weight of the building resists
side movement. Present engineering procedure is to
design the building for a side force, like wind.

<

—L —

- =

Seismic forces grow in proportion to the weight of
the building and the square of its height. The total
seismic force the building must withstand is a per-
cent of its total weight. This force is usually 10 to
50% of the total weight of the building. In determin-
ing the required force, the 1997 UBC considered:
__ (1) Risk: based on location. Zones 4 and 3 are

the most hazardous. Zones 0 and 1 are the
least hazardous. See App. B, item E.

Note: The new building codes have made
seismic engineering much more complicated.
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It was decided, for simplicity’s sake, to keep
the data from the 1997 UBC.

Costs increase about 1% to 2% for every increase
in zone (2% to 5% for high-rise, and 5% to 8% for
long-span, heavy construction).

___ (2) Importance of occupancy: See p. 154.

___ (3) Soils and site geology: Rock-like materials
are best. Soft clays are poor. Deep deposits
of soft soils tend to produce ground surface
motion with longer periods, whereas shal-
low deposits of stiff soils result in shorter
periods. Because of the potential for reso-
nance to increase the motion imposed on a
building, more rigid designs will probably
perform better on soft soils, whereas more
flexible designs will perform better on
stiffer soils.

___ (4) Resistance of the structure:

___ (a) The less weight the better
__ (b) The more flexible the better, or
__ (c) The stiffer the better
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c¢. Lateral design and overall building shape

O[J'lr.'ﬂ
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_d. Nonstructural seismic considerations
In seismic zones 3 and 4, the following things should
be considered:

— @
— @

N C)!
— 4
—®
__ ()
— M
_®

—

— (10)

__ (11
__(12)

— (13)

— (14)

Overhead utility lines, antennae, poles,
and large signs pose a hazard.

Secure and brace roof-mounted and floor-
mounted equipment for lateral load and
uplift. This would include AC equipment,
hot water heaters, and electrical service
sections.

Brace structure-supported piping and ducts
for side sway. Avoid long, straight runs.
Brace structure-supported suspended ceil-
ings for side sway. Allow for movement
where wall occurs.

Sleeve piping through foundation walls.
Locate building exits to avoid falling ele-
ments such as power poles or signs.
Anchor veneers to allow for movement.
Partitions should be constructed to assume
the added seismic lateral load caused by
the furniture or equipment.

Seismic joints should include partition con-
struction details to provide a continuous
separation through the roof, floor, walls,
and ceiling.

Interior partitions and fire-rated walls that
are floor-to-floor need to be designed for
lateral movement. Also, consider corners,
tee-junctions of walls, and junctions of
walls and columns.

Brace suspended light fixtures. Consider
plastic rather than glass lenses.
Battery-powered emergency lighting needs
positive attachment.

Use tempered or laminated glass, or plas-
tic, at large-glass areas that could cause
damage. Use resilient mountings.
Laterally secure tall furniture and shelving.

__ 6.5tructural Components (A Primer): Many of today’s

engineering courses have become so cluttered with theory
and mathematics that even graduate engineers sometimes
lose sight of the simple basic principles. Use this section to
remind you of basic structural principles.
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_a. Types of forces
R Tension o B
___ (2) Compression

___ (3) Bending _)‘_—_—.—K__
~l{Ct)M!"REéélON

Eﬂ
-é— T UWN

___(4) Shear

" g el
— % U

wALL SEAM FLAT SLAR

— %_;JHF‘%;——)

___(5) Torsion

__ (6) Buckling

__)
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__ b. Beams

__ (1) Simple beams have tension at the bottom
and compression at the top.

___(2) If the beam is made deeper, “d” (the
moment arm) is increased and the compres-
sive and tensile forces decreased. The
deeper the beam, the stronger.

__ (3) Within limits, small holes can often be cut
through the beams at center, middepth,
without harm. But notches or holes at top
or bottom will reduce strength.

COMPRESHION
(0]
TENSION

___ (4) Since shear is usually greatest close to the
supports, judgment must be used regarding
cutting holes or notches in the web close to
the support. Also, see p. 347.

__ (5) Continuous beams can often carry more
load than simple span beams.

___ (6) A point to watch for in cantilever and con-
tinuous beams is possible uplift at a rear
support.

___ (7) Beams may be fixed or restrained. The
bending stress at midspan is less (so beam
depth is less) but connections become more

involved.
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Slabs

__ (1) Are nothing more
than wide, flat C
beams.

__ (2) Generally, by far, 248 coLuMN
the greatest stress in
flat slabs occurs

where the columns
try to punch through J/

the slab. Slab open- @
@

ings next to columns
can trigger failures!

Columns: Because of the
tendency for columns to
buckle, fatter ones carry
more load than thinner PROY PANEL

ones (with same cross-sec-
tional area and length).

Walls

___ (1) Bearing walls act as
wide, flat columns,
carrying their loads
in compression.

__ (2) Walls must be tied
to the floor and roof.

__ (3) Bond beams tie the
wall together, so
more of it will act to
resist any specific
load.

__ (4) Shear walls fail by:

—

{

/
[
|
|

-l-—--

BENDING OVERTURNING ™~ ~
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__f Trusses

L L

4 d d d

FANEL PONTS COMPRESSION TOP CHORP

l BOTTOM CHORD

— M

_ @

0

— @

—®

)

— M

A = —-)\/waammze/r

TENSION

A truss is a structural framework composed
of a series of straight members so arranged
and fastened together that external loads
applied at the joints will cause only direct
stress in the members.

Trusses are usually lighter and more effi-
cient than solid beams carrying the same
load, but take more vertical space.

Trusses are made by a series of triangles
supporting load at panel points. Patterns
other than triangles can change shape easily
and must be avoided or specially treated.
When the external loads act downward and
the truss is supported at its ends, the upper
chord is always in compression and the
lower chord is always in tension, similar to
a simple beam. The web members are in
either tension or compression.

Connections of
web and chords n Wmﬁm *
become very e
important. The /

center of gravity
of intersecting
web members
should meet at
or very close to
the center of gravity of the chord.

Loads should be carried at the panel points,
not between. This is probably the most
common problem with trusses.

Field shifting or removal of web members
to allow passage of ducts or other items may
be dangerous.
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___ (8) If trusses can- JLLLILILLLd

tilever over a

support or are K\ / \/\/\/ \

continuous over

~
a support, the k"—r‘ﬂ
bottom chords PRACING 7

N

must often be
braced against sideways buckling where
they are in compression.
__ (9) Classification
__ (a) Complete frame is made up of the

minimum number of members re-
quired to provide a complete sys-
tem of triangles.
n=2p-3
where n = min. number of
necessary members
p = number of panel points

AN

n=i5
P-4

__ (b) Incomplete frame is where the

—

number of members is less than

required.

N= 12, BT SHOBY €
2 =8

Redundant frame contains a greater
number of members than required.

N= 18 VT 12 le
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__ (10)Truss types are based on form, method of
support, or arrangement of web bracing. A
truss can be made to just about any shape.

Following are common types:

KING PooT QUEEN mﬁ%zav FINK \
HOoWE HIP m
FLAT PRATT
Hove e /AN
FLAT HOWE
FINK MONO FLAT WARREN
PDOVBLE FINK OLIDD0RS | ECFDORD D
WARREN SLLH50RD 2 S H590RS 4
& ﬂ POW S TRING
TouUBLE \WARRER PRATT
/<>\ /m CREZCENT
HOoWE FAN
§ SHEP
CLEARGTORY CANTILEVER S\ TOOTH
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___ g Arches (orsloped roofs)  —E—o
Need resistance to lat- m \‘ %
eral thrust by either of  _______
the following:
¢ 2O T
___ (1) Strengthening K
or thickening 1 ﬁi—w

the supports

__ (2) Tension mem-
bers added

h. Connections

___ (1) Redundancy ensures structural integrity by
increasing the number of pathways by which
structural forces may travel to the ground.

___ (2) Connections are usually the most critical ele-
ments of any structure. Statistically, failures
are much more apt to occur at a connection
than anywhere else. When connections fail,
they often fail suddenly, not giving the warn-
ings of deflection and cracking inherent in,
say, a bending failure of a beam. Thus a con-
nection failure is apt to be more hazardous
to life and limb than are some other types of
failures.

___ (3) Connections are often more sensitive to
construction tolerances or errors than are
the structural members themselves.
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In cases where a strong material (such as
steel or prestressed concrete) must be con-
nected to a weaker material (such as con-
crete blocks), the stronger material may
carry a load that is not easily carried by the
weaker. The connection must spread the
load over a large area of the weaker mate-
rial and must also not cause undue bending.
Don’t pare connection designs to the bone!
Estimate the maximum amount of probable
field error and design the connection for
it. If possible, provide a second line of
defense. Try to make connections as fool-
proof as possible. Allow as much room as
possible for field tolerances.

Where possible, locate con-

struction joints at a point of

low beam shear and locate

connections where loads

transmitted through the con-

nection are a minimum.

Consider the prying, levering, or twisting
action in connections. Consider the effects
of connection eccentricities on the mem-
bers themselves.

Consider the effects of shrinkage or other
lateral movement.
Use care in stack-

ing beams and /\/ \/\/

girders on top of

. AVV
columns, particu- PRACE
larly deep beams Fix coL.
and girders that Cenck

want to overturn.

Provide bracing.

Consider using shop over field connections,
when possible, because they are done under
more favorable conditions.

__ 7. Rules of Thumb for Estimating Structural Sizes (Span-

to- Depth Ratios): Most rules of thumb for structural esti-

matlng are based on span-to-depth ratios. First select likely
spans from structural systems (page 147). Then, the span in
feet or inches is divided by the ratio to get the depth in either
feet or inches. The higher the number the better.

Example: If ratio is 8 and span is 8 ft, then depth is 1 ft.
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Ratios for Typical Elements:

Beams and joists of all kinds range from 10 to 24. Use
lower ratios for heavy or concentrated loads. The ratio
of 20 is a good all-purpose average for steel, wood, and

concrete.
—— BPEAM DEPTH
’
]“ SFAN l
Cantilevered beams: In [ 7

general, the optimal ‘
length of a cantilever
is one-third the sup-

ported span.

Columns: The ratios of —
unbraced length to
least thickness of most S K_T (W
column types range
from 10 to 30, with 20
being a good average.
Slabs: Reinforced con- —
crete slabs of various
types have ratios 5EE PEAM
ranging from 20 to 35,
with 24 being a good
average.

Trusses of various types
and materials have perTH
ratios ranging from
4 to 12. The lower
ratio is appropriate for

trusses carrying heavy T SPAN T
floor loads or concen- r 4
trated loads. The ratio

§is a good average for estimating roof trusses.

For more specific ratios based on materials and specific
types of structural elements, see pp. 285, 307, 331, and
353.
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—J. ENERGY: Passive and Active
Approaches to Conservation

/A\ '/A\\y /A\ /A\\V 7 '\\
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___ 1. Building Type
All buildings produce internal heat. All buildings are

affected by external loads (heating or cooling) based on the
climate and internal loads (heat from equipment, lights,
people, etc.). Large commercial buildings tend to be inter-
nally dominated. Residences or small commercial buildings
tend to be the exact opposite.

2. Human Comfort

The comfort zone may be roughly defined as follows: Most
people in the temperate zone, sitting indoors in the shade in
light clothing, will feel tolerably comfortable at tempera-
tures ranging from 70° to 80°F as long as the relative humid-
ity lies between 20% and 50%. As humidity increases, they
will begin to become uncomfortable at lower and lower
temperatures until the relative humidity reaches 75% to
80%, when discomfort at any temperature sets in. But if
they are sitting in a draft, the range of tolerable temperature
shifts upward, so that temperatures of 85°F may be quite
comfortable in the 20% to 50% relative humidity range, if
local air is moving at 200 ft/min. Indoor air moving more
slowly than 50 ft/min is generally unnoticed, while flows of
50 to 100 ft/min are pleasant and hardly noticed. Breezes
from 100 to 200 ft/min are pleasant but one is constantly
aware of them, while those from 200 to 300 ft/min are first
slightly unpleasant, then annoying and drafty. See psychro-
metric chart on p. 175 for passive and active strategies.

3. Climate

In response to a climate, if a building is to be designed for
“passive” (natural) strategies, it is important to determine
the demands of the climate. Is the climate severe (for either
heating or cooling, as well as humidity) or temperate?
Which predominates, heating or cooling? Is the climate wet
or dry? Once the climatic demands are determined, what
climatic elements are available to offer comfort relief? Is
sun available for winter heating? Are breezes available for
summer cooling?

In the United States there are roughly four basic climate
zones, as shown on the map on p. 174. Climatic profiles of
four cities that represent these zones are plotted on psy-
chrometric charts (see pp. 176 through 179) suggesting
strategies that can be used in a “design with climate”
approach. Note that the cities (except New York) are
extremes of their zones. Also on these pages are added the
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solar load diagrams, whose outside rings indicate air tem-
perature (each line 2°F higher) and arrows indicating total
clear sky (direct and diffuse) radiation impacting the sides
of a building (each arrow reprenting 250 BTU/SF/day).
At the bottom of the page the solar loads are expressed in
numerical values.

In determining passive and energy conservation strate-
gies for a building in an unfamiliar climate consult App. B
to make the following determinations:

a.

If two-thirds of the heating degree days (HDD)
exceed the cooling degree days, winter heating will
need to be the predominant strategy or a major con-
sideration.

If cooling degree days (CDD) are greater than two-
thirds of the heating degree days, summer cooling
should be the major strategy or consideration.

If two-thirds of the heating degree days roughly
equals the cooling degree days, both winter heating
and summer cooling will be needed strategies
though these will be likely temperate climates.
When heating degree days exceed 6000, a severely
cold climate will have to be designed for.

When cooling degree days exceed 2000, a severely
hot climate will have to be designed for.

When annual average evening relative humidity
exceeds 80% and rainfall averages 40"/yr, or more, an
extremely humid climate will have to be designed for.
When annual average evening relative humidity is
less than 65% and rainfall averages 15"/yr, or less, an
extremely dry climate will have to be designed for.
When annual winter sunshine exceeds 50%, passive
winter heating may be a good strategy, if needed.
Summer shading will be an important factor in a hot
climate.

In the continental United States, winds generally
blow from west to east. Warm breezes born in the
Caribbean or mid-Pacific usually arrive from the
southwest, while cold fronts arriving from the arctic
tend to blow from the northwest. Most locations in
the United States have annual average daily wind
exceeding 5 mph, so natural ventilation as a means
of cooling may be a good strategy, if needed. See
Item R, Appendix B, p. 638. The site wind speeds
are generally less than NOAA data, usually collected
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EXAMPLE.:

PROBLEM? DETERMINE. LIKELY "PASIVE" & ENERGY
CONSERVATION STRATEGIES FOR A BUILD~
ING SITE IN ALBUQURQUE NEW MEXICO,

SOLUTION!?
. CLIMATE STRATEGIES?
CHECK STRATEGIES STARTING ON P 171 AGAINST
CLIMATE DATA IN APPENDIX B ON BG37(LINE 26
FOR ALBUQUERQUE..)
3. WINTER HEATING C APP. B, ITEMS L. € M)
(.G X 4414 HDD = 2912 = 291D HDD > 1254 COD)
b, THROUGH §. DO NOT APPLY TO ALBURUERGQUE,
g. DPRY CUMATE C(APP B, ZTEMS T140).
hn

. SUNSHINE FOR WINTER HEATING (APP B,
ITEM K).

USE BREEZESD FOR COOLING IN MILD SUMMERS.

-

SUMMARY ¢

EVEN THOUGH ALBUQUERGUE i15 A DEGERT WITH
oNby 8Y oF RAIN PER YEAR (ITEMI), DVE W 115
ELEVATION OF B310' (ITEM B), I'T HAS MILD SUMMERS
WHERE. NATURAL BREEZES MAY HELP CooliNG., [T wWiN-
TEES REGUIRE HEATING . BECAUSE. OF THE LARSE
AMOUNT OF YEARLY SUNSHINE OF 76 % CITEM K),
%f SOLAR HEATING 16 A VERY LIKELY STRATEGY

2. VEAAEN STRATECIES (USING CHECELIST ON R 180 )¢

FOR WINTER HEATING, CONSIDER. PASSIVE SOLAR
(8) € (2), + (14) THROUEH (1),

FOR SUMMER COOLING CONSIPER NATURAL BREEZE.
(4%) THeEsUeH (54),
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at airports. But this may also be a problem if in a

cold climate.

___J. Microclimates at specific sites can vary from the
overall climate due to:

__ (1) Large bodies of water (10°F milder).

__ (2) Built-up area (5°F warmer).

__ (3) Elevation (5°F cooler for each 1000 ft rise).

___ (4) Land forms: Tops of hills receive wind. Val-
leys get cool in evenings. Breezes rise up
slopes in day and descend in evenings:
South slopes receive most year-around sun;
north, the least, with east and west slopes
the most summer morning and afternoon
sun.

__(5) Ground: The more heat a ground surface
absorbs during the day, the warmer the air
is at night. Light surfaces are cooler and
more reflective than dark. Also, an area in
sun will be about 12° warmer than in shade.

__ k. The three-tier approach to conservation:

Heating Cooling Lighting
1. Conservation Heat avoidance Daylight
2. Passive solar Passive cooling Daylight
3. Heating Cooling Electric
equipment equipment lighting

___ 4. Checklist for Passive Building Design (Strategies for

Energy Conservation):

Note: During design, develop an energy strategy based on
the needs (building type) and location, as previously dis-
cussed. For instance, it might be a tightly sealed, minimum-
surfaced box to withstand the winters in Minneapolis, or it
might be an open design to take advantage of sea breezes in
Miami, or it might be a maximum-shade layout to avoid
summer sun in Phoenix, or it might be a combination of
winter and summer strategies for a temperate zone such as
New York City (and most of the United States). Use this
section to remind you of things that might be added to your
design. Many of the following items conflict, so it is impossi-
ble to choose all.
X Cold climate or winter

_ X Hotclimate or summer
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Windbreaks: Two climatic design techniques serve the func-
tion of minimalizing wind exposure.

(1) Use neighboring land forms, structures, or
vegetation for winter wind protection.

T

ZE

(2) Shape and orient building shell to minimize
wind turbulence.

(3) When structure is fully exposed to cold
winds up the design temperature by:
Roofs x 1.6
Walls x 1.3

Plants and water: Several techniques provide cooling by the
use of plants and water near building surfaces and evapora-

tive cooling.

(4) Use ground cover and planting for site
cooling.

(5) Maximize on-site evaporative cooling;
ocean or water zones, such as fountains,
modify climate 10°F.

(6) Use planting next to building skin.

(7) Use roof spray or roof ponds for evapora-
tive cooling.

Indoor/outdoor rooms: Courtyards, covered patios, sea-
sonal screened and glassed-in porches, greenhouses, atri-
ums, and sunrooms can be located in the building plan for
summer cooling and winter heating benefits, as with these
three techniques.
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(8) Provide outdoor semiprotected areas for
year-round climate moderation.

(9) Provide solar-oriented interior zone for
maximizing heat.

NOR™ BUFFER ZONE
AT COLD CUMATE

AL

Lorento00um N

BUFFER ZONES
AT EAST § WesrT

(10) Plan specific rooms or functions to coin-
cide with solar orientation (i.e., storage on
“bad” orient such as west, living on “good”
such as south).

Earth sheltering: Techniques such as using earth against the
walls of a building or on the roof, or building a concrete
floor on the ground, have a number of climatic advantages
for winter insulation and wind protection, as well as for
summer cooling.
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(11) Recess structure below grade or raise
existing grade for earth-sheltering effort.

(12) Use slab-on-grade construction for ground
temperature heat exchange. See p. 368 for
perimeter insulation.

(13) Use sod roofs (12" of earth will give about
a 9-hour time lag).

(14) Use high-capacitance materials at interi-
ors to store “coolth.” Works best with
night ventilation.

Solar walls and windows: Using the winter sun for heating a
building through solar-oriented windows and walls is cov-
ered by a number of techniques, listed as follows.
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Cold Hot

(15) Maximize reflectivity of ground and

building surfaces outside windows facing
winter sun.

o

SV

(16) Shape and orient building shell to maxi-

mize exposure to winter sun. Glass needs
to face to within 15 degrees of due south.

(17) Use high-capacitance materials to store

solar heat gain. Best results are by distrib-
uting “mass” locations throughout interior.
On average, provide 1 to 1% CF of concrete
or masonry per each SF of south-facing
glass. For an equivalent effect, 4 times more
mass is needed when not exposed to sun.
Do not place carpeting on these floor
areas.

(18) This same “mass effect” (see 17) can be

used in reverse in hot, dry (clear sky) cli-
mates. “Flush” building during cool night
to precool for next day. Be sure to shade
the mass. A maximum area of up to 2"-
thick clay, concrete, or plaster finishes
work best. The night average wind speed is
generally about 75% of the average 24-
hour wind speed reported by weather
bureaus. About 30 air changes per hour is
an adequate rate to cool the building.

(19) Use solar wall and/or roof collectors on

south-oriented surfaces (also hot-water
heating). Optimum tilt angle for roof
solar collectors is equal to latitude of site
(+/-15°). See p. 541.
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R

(20) Maximize south-facing glazing (with over-
hangs as needed). On average, south-fac-
ing glass should be 10 to 25% of floor
area. For north latitude/cold climates this
can go up to 50%. For south latitude/hot
climates this strategy may not be appro-
priate.

(21) Provide reflective panels outside of glaz-
ing to increase winter irradiation.

(22) Use skylights for winter solar gain and
natural illumination. See p. 569.

Thermal envelope: Many climatic design techniques to save
energy are based on insulating the interior space from the
exterior environment.
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(23)

(24)

(26)

Minimize the outside wall and roof areas
(ratio of exterior surface to enclosed vol-
ume). Best ratios:
2-story dome—12%; 2-story cylin-
der—14%
2-story square—15%; 3-story
square—16%
1-story square—17%
Use attic space as buffer zone between
interior and outside climate. Vent above
ceiling insulation. See p. 363.

SEUDBL D!

BTN

BTN

Use basement or crawl space as buffer
zone between interior and ground. See p.
368 for insulation. Provide drainage sys-
tems around perimeter to keep soil dry
(and thus a higher R value).

Provide air shafts for natural or mechani-
cally assisted house-heat recovery. This
can be recirculated warm at high ceilings or
recovered heat from chimneys.

7
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(27) Centralize heat sources within building
interior. (Fireplaces, furnaces, hot water
heater, cooking, laundry, etc.) Lower
level for these most desirable.

(28) Put heat sources (HW, laundry, etc.) out-
side air-conditioned part of building.

(29) Use vestibule or exterior “wind shield” at
entryways. Orient away from undesirable
winds.

(30) Locate low-use spaces, storage, utility, and
garage areas to provide buffers. Locate at
“bad” orientations (i.e., on north side in
cold climate or west side in hot climate).

(31) Subdivide interior to create separate heat-
ing and cooling zones. One example is
separate living and sleeping zones.

LIVING .

ZONE 1 ZONE 2.
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(32) Select insulating materials for resistance to
heat flow through building envelope. For
minimum insulation recommendations, see
p. 194 and/or guidelines by ASHRAE
90A-80. If walls are masonry, insulation is
best on outside.

L
[ 4 q)
A Y
FA i
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(33) Apply vapor barriers to control moisture
migration. See p. 365.

(34) Use of radiant barriers. See p. 367.

(35) Develop construction details to mini-
mize air infiltration and exfiltration. See
p. 385.

(36) Provide insulating controls at glazing.
See section entitled “Glass,” starting at
p. 407.
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(37) Minimize window and door openings
(usually N [for cold climates], E, and W).

(38) Detail window and door construction to
prevent undesired air infiltration and
exfiltration. See p. 390 for doors and p.
395 for windows.

(39) Provide ventilation openings for air flow
to and from specific spaces and appliances
(such as cooking ranges and fireplaces).
See p. 438 for fireplaces.

Cold Hot

Sun shading: Because the sun angles are different in sum-
mer than in winter, it is possible to shade a building from
summer sun while allowing sun to reach the building sur-
faces and spaces in the winter.

(40) Minimize reflectivity of ground and build-
ing faces outside windows facing summer
sun. As an example, a south-facing wall
will receive an additional half of its direct
solar gain from a concrete slab outside.
Reduced paving and maximized landscap-
ing will minimize solar reflection.

(41) Use neighboring land forms, structures,
or vegetation for summer shading.

£0VUTH SIDE EAST & WEST EALT, WEAT, OB,
S\pes> S0OUTH SIES

<7 1




190

The Architect’s Portable Handbook

(42)

(43)
(44)

(45)

Shape and orient building shell to mini-
mize solar exposure. Best rectangular pro-
portions are 1 (east and west) to between
1.5 and 2 (north and south).

N

T

|% To 2

Provide shading for walls exposed to sum-
mer sun. For landscaping, see p. 267.

Use heat-reflective materials on solar-
oriented surfaces. White or light colors
are best.

Provide shading for glazing exposed to
sun. For south-facing walls, at 50° latitude,
most references recommend a shade angle
of 60° (from the horizon). For each 5° of
decreasing latitude, the angle increases 5°.
But this rule would not apply to locations
of extended overheated seasons, such as
Miami and Phoenix, where the angle
should be more like 45°. Also see p. 451.

=V
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Natural ventilation: A simple concept by which to cool a
building.
(46) Use neighboring land forms, structures,
or vegetation to increase exposure to
breezes.

) m‘j} ‘<

TREE LOCATION6

WIND FUNNELS
IJJ \h wmo DEFLECTORS

(47) Shape and orient building shell to maxi-
mize exposure to breezes. Long side
should face prevailing breeze within 20 to
30 degrees.

(48) Use “open plan” interior to promote air
flow.

]nul|1|mnnmmm]mi"nllli\nl!

-

(49) Provide vertical air shafts to promote
interior air flow. Also see (26).
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(50) Use double roof and wall construction for
ventilation within the building shell.

u n
BHATE. RoOF \ CAVITY BETWEEN

ROOF € INGULATION

i

WALL SCREEN

0y

COIRIETIUH

(51) Locate and size door and window open-
ings to facilitate natural ventilation from
prevailing breezes. For best results:

Windows on opposite sides of rooms.

Inlets and outlets of equal size giv-
ing maximum air change.

A smaller inlet increases air speed.
However, adequate airflows can
be maintained for anywhere from
40/60 to 60/40 splits between inlets
and outlets. Window sizing can be
roughly figured by taking the
building volume x 30 air changes/
hour. Then, to get total airflow,
take the average wind speed in
miles/hour, convert it to feet/min.
(x 5280 + 60). Divide desired air-
flow by wind speed to get inlet
area. However, the wind speed
will be reduced if its angle to the
inlet is less than 90° by a factor of
1to 3.5 up to a 70° angle. Further-
more, the interior wind speed will
be further reduced by screens and
awnings ranging from 15 to 35%.

(52) Use wing walls, overhangs, and louvers to
direct summer wind flow into interior.

(53) Use louvered wall for maximum ventila-
tion control.

(54) Use operable roof monitors for “stack
effect ventilation.” Also see (26).
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Cold Hot

(55) Often fan power is needed to help ventila-
tion cooling. See 5a (below).

__ 5. Checklist for Active Building Design (Strategies for Energy

Conservation)

a.

Whenever possible, use fans in lieu of compressors,

as they use about 80% less energy. In residential,

this may take the form of “whole-house” fans to

cool the building and ceiling fans to cool people in

specific locations. Also see o, below.

Design for natural lighting in lieu of artificial light-

ing. In hot climates or summers, avoid direct sun.

See p. 569.

Lighting consumes about 8% of the energy used in

residences and 27 % in commercial buildings nation-

wide. Use high-efficiency lighting (50-100 lumens

per watt). See Part 16A. Provide switches or con-

trols to light only areas needed and to take advan-

tage of daylighting. See Part 16B.

Use gas rather than electric when possible, as this

can be up to 75% less expensive.

Use efficient equipment and appliances

__ (1) Microwave rather than convection ovens.

__ (2) Refrigerators rated 5-10 kBtu/day or 535-
1070 kwh/yr.

If fireplaces, use high-efficiency type with tight-fit-

ting high-temperature glass, insulated and radiant-

inducing boxed with outside combustion air. See

p. 438.

Use night setback and load-control devices.

Use multizone HVAC.

Locate ducts in conditioned space or tightly seal and

insulate.

Insulate hot and cold water pipes (R =1 to 3).

Locate air handlers in conditioned space.

Install thermostats away from direct sun and supply

grilles.

Use heating equipment with efficiencies of 70% for

gas and 175% for electric, or higher.

Use cooling equipment with efficiencies of SEER =

10, COP = 2.5 or higher.

Use “economizers” on commercial HVAC to take

advantage of good outside temperatures.

At dry, hot climates, use evaporative cooling.



194

The Architect’s Portable Handbook

__q.

Use gas or solar in lieu of electric hot water heating.
Insulate hot water heaters. For solar hot water, see
p. 525.
For solar electric (photovoltaic), see p. 616.
For some building types and at some locations, util-
ities have peak load rates, such as on summer after-
noons. These peak rates should be identified and
designed for. Therefore, designing for peak loads
may be more important than yearly energy savings.
In some cases saving energy and saving energy cost
may not be the same. Large buildings sometimes
use thermal storage systems, such as producing ice
in off-peak hours to use in the heat of the day. These
systems work best in areas with large daily and
yearly temperature swings, high electricity costs,
and big cost differences between on- and off-peak
rates.
HVAC system as a % of total energy use:
Residential

Cold climate 70%

Hot climate 40%
Office

Cold climate 40%

Hot climate 34%

TBSs (total building management systems) con-
serve considerable energy.

___ ©.Energy Code (ASHRAE 90A—1980). For U values, see p.

368.

a.

Although there are more current national energy
codes, these envelope guidelines, based on the old
ASHRAE 90A, should help the designer determine
if a preliminary design is in the “ballpark.” These
rules of thumb are for building envelope only.
Should the walls fail to meet code requirements, the
roof can be made to compensate, and vice versa.
Should these rough preliminary calculations fail,
this may indicate that either the design is poor from
an energy conservation standpoint or that other fea-
tures (such as passive heating) need to be consid-
ered by more stringent calculation or computer
modeling.

Use the following steps to roughly check for com-
pliance:
Approximate compliance can be checked by using
the following formulas:
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__ (1) For Walls, Winter Heating:

Uw

~ (Uw; x Awy) + (Ug, x Agy) + (Ud; x Ady)

Aw

__ (2) For Walls, Summer Cooling:

OTTVw =

(Uw; x Aw; x Tdeg) + (Ag; x SF; x SC)) + (Ug; x Ag; x Jt)

Aw

__ (3) For Roofs, Winter Heating:

Ur

_ (Ur; x Any) + (Ug; x Agy)

ATotal Roof

___ (4) For Roofs, Summer Cooling:

OTTVr=

(Ur; x Ar; x Tdeg) + (138 x Ag; x Sc¢;) + (Ug; x Ag; x Dt)

where:

ATutal Roof

Uw, Ur are the overall wall and roof U
values.

OTTVw and r are the overall wall and roof
cooling thermal transfer values.

Uw,, Ur, are the U values of the wall and
roof components.

Aw,, Ar, are the areas of the solid wall and
roof components.

Ug;, Ag, are the U values and areas for
glass.

Ud,, Ad, are the U values and areas for
doors.

HDD = Heating degree days.

TDEQ = Temp. difference factor for ther-
mal mass. See p. 369 for wt. of
materials. See Figure 4 for values.

SF = Solar factor. See Figure 5.
SC = Shading coefficient of glass. See
pp- 407 and 411.

&t is the difference between summer dry-
bulb temperature found in App. B, item
Q and 78°F indoor temperature.

Note: Where more than one type of wall,

roof, window (or skylight) is used, each U

and A term in formulas must be expanded

(i.e., Uy, A,, etc.) and totaled.
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¢. Determine building type

__ (1) Type A-1 is 1- and 2-family residential
dwellings.

__ (2) Type A-2is all other residential buildings of
3 stories and under, including hotels and
motels.

___ (3) Type Bis all other buildings.

d. The values determined in b, above, must equal or be
less than one-half the values in the graphs on pp.
197 and 198. The one-half factors in because current
codes are more stringent than the old ASHRAE 90-
A.For HDD and CDD, see App. A, items L and M.
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e. Check compliance:

__ (1) Type A-1 and 2 buildings:

— (@

— ()

— (©

Heating, walls:

Calculate, using Formula (1), to
insure that designed value is % or
less of the value in Figure 1.
Heating, roof:

Calculate, using Formula (3), to
insure that designed value is % or
less of the value in Figure 2.
Heating, floors over underheated
spaces:

Calculate, using Formula (2), to
insure that designed value is % or
less of the value in Figure 9.

___ (d) Slabs on grade must conform to

value shown in Figure 10 for
perimeter insulation.

Note: ASHRAE 90-A never re-
quired A-1 and 2 buildings to check
for summer cooling, but you can
check for cooling by using (¢) and
(d) below.

___ (2) Type B buildings:

— (o)

__(b)

—(©

— (@)

— (o

Heating, walls:

Calculate, using Formula (1), to
insure that designed value is /4 or
less of the value in Figure 2.
Heating, roof:

Calculate, using Formula (3), to
insure that designed value is % or
less of the value in Figure 7.
Cooling, walls:

Calculate, using Formula (2), to
insure that designed value is % or
less of the value in Figure 3.
Cooling, roof:

Calculate, using Formula (4), to
insure that designed value is 4.25 or
less.

Same as 1(c) above.

__ (f) Same as 1(d) above.
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EXAMPLE:

PROBLEM: A Lovse. BUILDING OF A RESORT 16 BEING- E-
SIGNED FOR A MOUNTAN SITE. IN COLORADO
SPRINGS, COLORADD. CHECL TO 4EE IF THE
PRELUMINARY PESIGN, SHOWN BELOW, APFEARS
TO BE ENazév EFACIENT,

K WOOD FRAME.
— me—Q

veck / q Kacemon @”- -
/ir b L 1]

Woov FRAME WALL CWINDOW - WAL WiNEoW -M
PLAN z £ PEYNE  ecioN
DATA ¢
T LATITUDE ¢ 28°%-5 (F.640) NOTE 2

HDD = 6346 (R641) DISREGARD DOORS,

WALL? U= 0.1, AREA = A005F ASSUME A

WINDOW - WALL (V'G')AE U= 9/23@5' TYPE B
EA=

SOLUTION? (TvPe B BUILDINGS, P.199)
A, HEATING , WALLS ¢
PESIGNED: (FORMULA (1) ON F 195)
Uw = (Uw x Aw) + (Uq ¥ Aq)
A OF TOTAL WALL.
= (Ol x 900) + (65 ¥ 720) = o.z8
900 + 720
REQUIRED:? FIGURE 2 (P 1971 = 0.26+ 2= O.14
PROBLEM | 2 DESIGNED I HIGHER THAN REQ'D.

b HEATING, ROOF
DEsIENED: (FORMULA D ON F. 195)
Uy = Up ¥ Ar = 0.025 x 127%
A ToTAL Raar—‘ 127%

= 0,028
—~CONTINUED ~
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REQUIRED ¢ FIGURE 7 (P.210) = 0.07T2+22 0.037T5
OK, PESIGNED 16 LESS THAN REQUIRED

¢. COOLING, WALLE:
DESIGNED: (FORMULA 2 ON F. 195)
OTTVy = Ui ¥ AW X TOBS) + (Aq X SF X5C )+ (Ug X Aq xAE)
AREA OF TOTAL WALL
WHERE: TPge = 42 (Fi6: 4), ASGUMING 15¥/5F WT.
SF = 115 RR -5 N, LAT. (FieB)
SC = O FOR N. GAASS & 0.5 FIR 5, GLASS
(GEE F 19B), AS AN AVER. % 0.25
At = 919 (SEEAPR B,ITEMQ, P.G41)
LES TT8°F (INpoor. TEMR) = 13°
= (0.07% #4900 x43) + (720 » 175 % O-25)+(0.025% 72053
Q00 + 720

= 14,6

REQUIRED!

REQUIRED (FIGURE 2, P 197 )= 82 + 2= i6.5
O.K: DESIGNED 1% LESS THAN RER'R

d. COOLING, RCOF *
DESIGNED ¢ (FORMULA 4, P. 195), No 6LASS Y
OTTVy = (Ue XAr xTDE®) _ 0.0 % 1273 2 4%

AREA OF ROOF 2713
= .0T%
REGQUIRED: 8.5 + 2 = 4,25
OK! DESIENED 16 LESS THAN REQUIRED

e. N/A (NO FLooR AREA ABOVE AIR).

5. UNHEATED 1A : FROM PGORE 10 (P 198), £1AB
1 REQ'Y TO HAVE R= 525
PERIMETER INGULATION,

CONCLUSION:
EVERY ELEMENT HAS FASSEP EXCEPT FOR THE WALUS
DURING WINTER HEATING, TH® SHoUW NOT BE SURFRIG-

ING GIVEN ALL THE GlA%5 IN SUCH A CoLp CUMATE.,
~ CONTINUED —
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POSSIBLE OPTIONS?
| LOWER U VALUE OF GLA®S:
USE LowW E, DOUBLE GLAZED W/R=2.12 (R4[]),

R
R

REWORK FORMULA | :
Uw?= (o.dl)(d0e) + (6.32)(720) _ 0.2) O.i4
G900 + 720 STILL FAILS

2, LOWER U VALUE STILL FURTHER (SEE F3268).

3, REDUCE GLASS AREA.

4, UPELADE RCOF AND /OR OPAGUE WALL L% T2 MAKE
UP FOR GlASS

5, ACCOUNT FOR OTHER FACTORS, SUCH AS 'PAGSIVE
SOLAR. HEATING (CALCULATING THIS 1© BYOND THE
SCOPE OF THO BOOK, EXCEPT FOR THE PREVIOUZ
RULES OF THUMB), TH® MAY BE REALISTIC CON-
SIUERING THE SITE GETS G8% SUN (SEE APP
2, ITEM K, P.640) WHiCH 16 ABOYE B0/ (SEE
ITEM 20 , F. 185) AND THE SLAB ON GRADE (A6~
SUMING NO CARPET ) ABSORP THE SUNS HEAT
(&EE 1TeM 17, PI84), BIT Th APPROACH WolLY
PROPARLY REGUIRE A COMPUTERZ SIMUATION TO
PROVE. COMPLIANCE. IF AN ENERGY COPE WERE IN
EFFECT AT THIS LOCATION.
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ENERGY CONVERSION FACTORS

ol Ow 6L ELECTRC OARK S0LR
FUEL (B (el (HerM) (KWH) (%) (%auage)
L (Le) \45%0 0.60 099 478 3715 O.487
Ol (ens) 62% QIa 01%0 L2% 26.67 22,21 3.0%%
645 (TvERM) BI%97  0.8%4 7%%0 2L97 19.8 2500
ELECTRIC (ki) 0224 00728 0,040 9‘51-%09 687 Ol
OAK (L®) 0168 0042 0.052 |15 9;1{? 0120
SOLAR, (soue) 2.05% 0520 0460 879 167 ;%gﬁo
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Green archltecture is a whole-systems approach, utilizing design
and building techniques to minimize environmental impact and
reduce a building’s energy consumption while contributing to the
health of its occupants. “If brute force doesn’t work, you’re not
using enough of it” has been the typical American approach. The
green movement takes the opposite approach.

__ 1. General

a.

Save energy: Ongoing energy use is the single great-
est source of environmental impact from a building.
See “Energy,” p. 171.
Recycle buildings: Reuse existing buildings and
infrastructure instead of developing open space.
Note: Unfortunately, it is often less expensive to
remove existing old buildings and build anew than
to preserve but refurbish, in order to bring the old
buildings up to the latest codes.
Create community: Design communities to reduce
dependence on the automobile and encourage alter-
native transportation, including walking.
Reduce material use: Optimize design to make use
of smaller spaces and utilize materials efficiently.
Protect and enhance the site: Try to work with exist-
ing grades and landscaping rather than bulldozing
the site.
Select low-impact materials: Buildings account for
about 40% of the material resources flowing
through the economy. Specify low-environmental-
impact resources and efficient materials. Most envi-
ronmental impacts associated with building
materials occur before installation. Raw materials
have been extracted from the ground or harvested
from forests. Pollutants have been emitted during
manufacture, and energy has been invested during
production. Avoid materials that generate pollu-
tion, are not salvaged from other uses, deplete lim-
ited natural resources, or are made from toxic or
hazardous constituents. Specify materials with low
embodied energy used in extracting, manufacturing,
and shipping.

205
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Maximize longevity: Design for durability and
adaptability. The longer a building lasts, the longer
the period over which to amortize its environmental
impacts. Specify durable, nondecaying, easily main-
tained, or replaceable materials. Design for adapt-
ability (new building uses).

Save water: Design buildings and landscape that use
water efficiently.

Make buildings healthy: Provide a safe, comfortable
indoor environment. Over 60,000 commercial
chemicals are in use that were unknown 40 years
ago. Many common building materials and products
produce harmful off-gases.

Minimize construction and demolition waste: Re-
turn, reuse, and recycle job site waste.

Minimize impervious paving materials.

Use asphalt with recycled tire and coating products.
Use recycled brick, stone, or rubber aggregate surfac-
ing.

Use walk, road, and parking appurtenances made of
recycled plastics and rubber.

Use fences and gates of recycled plastic and fiber-
glass.

Use site furnishings of recycled or salvaged plastics or
wood. Materials may be of a toxicity that might not
be acceptable inside buildings.

Use soil and native plants (or special filtration prod-
ucts) to pretreat runoff from paved areas.

Do rainwater harvesting (collect and reuse rainwater
that falls on roofs and site). See (15).
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e Use landscape edging made of recycled plastics and
tires.
Nontoxic termite treatment.
Use pilings of recycled plastics.
Use geotextiles for slope stabilization.
Use environmental septic systems (nutrient removal).
Build “natural” swimming pools.
Use organic fertilizers, compost from the site, or
hydromulching from recycled paper.
e Use native plants that require minimum water and
drip irrigation or none at all.

e Use lawns and ground covers that require no mowing.
___® Usesalvaged or recycled landscape timbers.
. Concrete

___ e Use recycled form products.

___* Use autoclaved aerated concrete.
. Masonry
e Where appropriate, use strawbale for walls.
e Where appropriate, use sundried (adobe) or earth
(rammed) from site excavation.
Use clay bricks with toxicity burned out.
Use autoclaved aerated concrete or CMU.
Use site stones.
Use masonry accessories of recycled products.
Use CMU that is specially molded for better R value
(integral insulated masonry systems).
. Metals

___* Use of metal framing in lieu of wood reduces deple-
tion of timber growth and can be made from recycled
metal. On the other hand, producing metals con-
sumes more energy, and steel production pollutes.

.Wood and Plastic In the United States, building con-

struction accounts for more than 25% of virgin timber use

and 16% of water withdrawals. New home construction

consumes 40% of all lumber used in the United States. A

typical 1700-SF wood-frame home requires clear-cutting 1

acre of forest.

__* Standard structural wood depletes timber growth.
Select FSC (Forest Stewardship Council)—certified
wood products.

__ e Use engineered (such as TJI and TJL) joists made
from recycled wood fiber and small trees, although
they may off-gas if exposed in the interior.

__ o Use structural insulated panels (SIPs).

___ o Use nonstructural composite plastic lumber. Plastics

are made from nonrenewable petroleum products
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and are toxic in a fire. However, some plastic prod-
ucts are made from recycled soda bottles.

Use alternative particleboard products (and OSB)
made from recycled materials, although they may off-
gas if exposed in the interior.

Some hardwoods used for interiors (such as
mahogany) may deplete tropical forests. Instead,
use domestic, temperate-climate hardwoods (plum,
cherry, alder, black locust, persimmon, etc.).

Use interior veneer woods with recycled backing.
Use fiberboard millwork and prefinished panels from
wood wastes.

7. Thermal and Moisture Protection

Use waterproofing with minimum or no volatile
organic compounds (VOCs).

Avoid insulation foams expanded with hydrochloro-
fluorocarbons (HCFCs).

Avoid loose-fill insulation materials in unsealed
spaces (minimizes air-quality problems).

For wood shingles, use FSC-certified wood.

For metal roofing, select highest recycle content and
high-grade finish.

For membrane roofs, select products with recycled
content.

Use fireproofing with recycled foam and newsprint.
Use reclaimed or FSC-certified wood siding.

Design green roof systems (roof plantings and gar-
dens).

Select insulation with recycled products.

Avoid contact with standard fiberglass (probable car-
cinogen).

For asphalt shingles, select products with recycled old
shingles.

Avoid indoor use of sealants that may contribute to
indoor air-quality problems.

Use shingles of recycled plastic.

8.?00:‘5 Windows, and Glass

Select wood doors that are salvaged or FSC-certified.
Select vinyl windows with recycled content.

Select wood, plastic, or fiberglass windows with recy-
cled content.

9. Finishes

ypsum board: Utilize recycled materials, synthetic
gypsum. Collect scrap for recycling use as soil amend-
ment.
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e Tile work: Select recycled content material or recycle
as mosaic or aggregate.

e Acoustic ceiling panels: Utilize high-recycled-content
materials. Utilize perlite or mineralized wood fiber to
avoid fiber shedding.

e Wood flooring: Select FSC-certified products. Select
salvaged flooring. Select engineered flooring with
thick-faced veneers that are able to be refinished.
Select nontoxic, low-VOC finishes and additives.
Consider bamboo in lieu of wood.

e Resilient flooring: Select materials with low-VOC
adhesives. Select recycled-content materials. Vinyl
and rubber are the best green materials.

e Carpet: Select materials with low VOC content.
Avoid synthetics. Select 100% recycled-content face
fiber and backing. Avoid synthetic latex backing.

® Painting: Select low- or no-VOC products. Select the
least toxic alternatives. Select recycled content.

__ 10. Specialties Not applicable.

__ . Equipment

___ Residential appliances: Select water-conserving ap-
pliances with “green seal.” Select horizontal-axis
clothes washers. Select energy-star-rated appliances.

__12. Furnishings

e Select materials with organically grown plant fibers.

Select natural dyes or undyed fabrics.

Use products with FSC-certified wood.

Use refurbished furniture.

Select fibers that are naturally pest resistant.

___ e Select recycled synthetic fibers.

13. Special Construction

___* Use asbestos or lead encapsulation products.

___14. Conveying Systems Not applicable.

__ 15. Mechanical

__* Select low-flow water-efficient plumbing fixtures
(1.6 GPF, or below, toilets).

e Select compost toilet systems.

e Choose cooling equipment that does not utilize
ozone-depleting refrigerants.

e Design graywater systems.

___ e Avoid PVC piping (recycle problems).
___ e Use domestic water-heat exchangers.
___16.Electrical Not applicable.
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__ L. ACOUSTICS (3 4 (5) 13 (16)

Sound is a series of pressure vibrations that move through an
elastic medium. Its alternating compressions and rarefactions
may be far apart (low-pitched), close together (high-pitched),
wide (loud), or narrow (soft).

All perceived sound has a source, path, and receiver. Each
source has a size, direction, and duration. Paths can be air-
borne or structure-borne.

Sound has four quantifiable properties: velocity, frequency,
intensity, and diffuseness. Regarding velocity, sound travels
much faster through solids than air (and faster through warm
air than cool air). Frequency is sound’s vibrations per second,
or hertz (Hz). This varies according to its purity and pitch. The
average human pitch for hearing is about 1000 Hz. Intensity is
the power level (or loudness) measured in decibels (dB).
Attenuation is the loss of a sound’s intensity as it travels out-
ward from a source. Diffuse noise (blanket or background
noise level) is sound emanating from a multiple of similar
sound sources.

There is both a positive function

and a negative function to consider
in acoustic design. Q
The positive function is to ensure
that the reverberation characteris-
tics of a building are appropriate to
their function. See 1 below.

On the negative side, the task is to %
make certain that unwanted outside \? S

noises are kept out of quiet areas of
the building. See 2 below.

1. Room Acoustics
Sound can be likened to light. Sound control uses reflection
and diffusion to enhance acoustics in such spaces as audito-
riums and sound studios, and absorption for noise control in
more typical spaces such as offices.

a. Reflection: The geometry of the room is important
in effective sound control. Large concave surfaces
concentrate sound and should usually be avoided,
while convex surfaces disperse sound.

b. Diffusion promotes uniform distribution of continu-
ous sound and improves “liveness” (very important
in performing arts). It is increased by objects and
surface irregularities. Ideal diffusing surfaces nei-
ther absorb nor reflect sound but scatter it.

211
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C.

Absorption (see table on p. 221) provides the most
effective form of noise control. Sound pressure
waves travel at the speed of sound (1100 fps), which
is a slow enough velocity
that reflections of the

orgnal sound-yave orm LH N1

ception of the original,
intended signal. Reverber-
ation time is the measure
of this problem.

Sound of any kind emitted in a room will be
absorbed or reflected off the room surfaces. Soft
materials absorb sound energy. Hard materials
reflect sound energy back into the space. The
reflected sound can reinforce the direct sound and
enhance communication if the room size and room
surfaces are configured appropriately. Annoying
reverberation (echoes) occur in rooms more than 30
feet long. Echoes are stronger when the reflection
surface is highly reflective and is concave toward
the listener.

The room volume and surface characteristics will
determine the reverberation time for the room.
Reverberation time is the time in seconds that it
takes for a sound to decay through 60 decibels. It is
calculated as follows:

_ _ 0.05 x Room Volume (cf)
"~ Average Absorption of Room

Desirable room reverberation times are:
Office and commercial spaces 0.5 seconds

Rooms for speech 1.0 seconds
Rooms for music 1.5 seconds
Sports arenas 2.0 seconds

The absorption, also called noise reduction coef-
ficient (NRC), of a surface is the product of the
acoustic coefficient for the surface multiplied by
the area of the surface. The sound absorption of a
room is the sum of the sound absorptions of all
the surfaces in the room. The higher the coefficient,
the more sound absorbed, with 7.0 (complete
absorption) being the highest possible. Generally, a
material with a coefficient below 0.2 is considered
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to be reflective and above 0.2 to be absorbing. Some
common acoustic coefficients are:

14" glass fiber clg. panels 1.0
Carpet and pad 0.6
Acoustic tile (no paint) 0.8
Cloth-upholstered seats 0.6
An audience 0.8
Concrete 0.02
Gypsum board 0.05
Glass 0.09
Tile 0.01
Fabric 0.30

The average absorption coefficient of a room
should be at least 0.2. Average absorption above 0.5
is usually not desirable, nor is it economically justi-
fied. A lower value is suitable for large rooms; and
larger values for controlling sound in small or noisy
rooms. Although absorptive materials can be placed
anywhere, ceiling treatment is more effective in
large rooms, while wall treatment is more effective
in small rooms. If additional absorptive material is
being added to a room to improve it, the total
absorption should be increased at least 3 times to
bring absorption to between 0.2 and 0.5. An increase
of 10 times is about the practical limit. Each doubling
of the absorption in a room reduces RT by /..

EXAMPLE :

-

WHAT 15 THE ABSORPTION COEFFICIENT AND REVERBERATION TIME FOR
AZ0' %10' x A'H OFFICE WITH CARPET FLOOR., ACOUSTIC TILE CEILING AND
GYPB'D: WALL (BUT Y2, OF WHICH HAS SOUND ABZORPTION MATERIAL) 7
ABSORPTION COEFFICIENT 2

FLOOR, 0.6 x 200 = 120
%2 \WALL 0.05 * 355 = 8
Y2 \waALL 0.8 %118 = 142
CEWNG 0.8 *20 = (6O
440
ANER, COEF, OF _  TOTAL APSORD, 440
ABSORPTION TOTAL RM. SURFALE 20¥G %2+ 10 xAXZ2+I0x20 %2
- 440 -
= aroor ©.47 OK.

REVERBERATION TIME = 0.0 x (ip0¥% 20 x4) _ 6205 ok
440 -
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___d. Other factors affecting acoustics:
__ Ifacorridor is appreciably higher than it is wide,
some absorptive material should be placed on the
walls as well as the ceiling, especially if the floor is
hard. If the corridor is wider than its height, ceiling
treatment is usually enough.
___ Acoustically critical rooms require an appropri-
ate volume of space. Rooms for speech require 120
CF per audience seat. Rooms for music require 270
CF per audience seat.
___ “Ray diagramming” can be a useful tool in
sound control. As with light, the reflective angle of a
sound wave equals its incident angle. In like man-
ner, concave shapes focus sound and convex shapes
disperse sound.
__ Amplification: If listeners are within 110" of the
sound source, a cluster of loudspeakers is usually
located well above and slightly in front of the sound
source. If some listeners are more than 110" away,
an overhead network of small speakers, located no
more than 35" apart, should be used.

__ 2.5ound Isolation

Sound travels through walls and floors by causing building
materials to vibrate and then broadcast the noise into the
quiet space. There are two methods of setting up the vibra-
tion: through structure-borne sound, and air-borne sound.

Structure-borne sound is the vibration of building materi-
als by vibrating pieces of equipment, or caused by walking
on hard floors.

Air-borne sound is a pressure vibration in the air. When it
hits a wall, the wall materials are forced to vibrate. The
vibration passes through the materials of the wall. The far
side of the wall then passes the vibration back into the air.

Noise Reduction and Sound Isolation Guidelines

a. Choose a quiet, protected site. Orient building with
doors and windows away from noise.

b. Use site barriers such as walls or landscape (dense
tree lines or hedges, a combination of deciduous and
evergreen shrubs, reduce sound more efficiently).

¢. Avoid placing noisy areas near quiet areas. Areas
with similar noise characteristics should be placed
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next to each other. Place bedrooms next to bed-
rooms and living rooms next to living rooms.

Lovo QUIET
SPACES SPACES

As the distance from the sound source increases,
pressure at the listener’s ear will decrease by the
inverse square law (as with light). Therefore, sepa-
rate sound sources by distance.

Orient spaces to minimize transmission problems.
Space windows of adjoining apartments max. dis-
tance apart. Place noisy areas back to back. Place
closets between noisy and quiet areas.

Massive materials (concrete or masonry) are the
best noise-isolation materials.

Choose quiet mechanical equipment. Use vibration
isolation, sound-absorbing duct lining, resilient pipe
connections. Design for low flow velocities in pipes
and ducts.

bucT
T e !
]
i ™ T
VIBRATION - ACOVSTIC
10LATOR oo CEILING
E4-GROUTED MAEDNRY RESILIENT
WAL[Lé PLENUM HANGERS
RU2ER |
GAKETS _ pipe: FLEXIBLE
' / WIRING
— MACKHINE \_{ %Au\\
FLEXIBLE o2 _l _
COUPLING % / >
CORK CGASKETS |- 1 LOOP-
1 AT TOP & gor.
]Noaem Ciiﬂ(r\’ ?(\— RESILIENT Mie

METHODS oF 1SOLATING MELHANICAL SOUND
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Reducing structure-borne sound from walking on
floors is achieved by carpet (with padding, improves

greatly).
Avoid flanking of sound over ceilings.

W7 SUSPENDED THRU
CEILING®  TrRANSOMS N
[}
Ll
Tyry (RS
Looek poor, THRU
TRIM $Ha/muz¢
COOLING
THRY ‘ GRILLES
FRAMING
. 1"" FLoors 4 THRU
= mry #CELINGD ACCESS
ﬂFlN- E 3 !FLODRE
= THRU
M voor
LOUVERS &
THRESHOLDS

FLANKING SOUND PATHS BPETW'N. RMS,

Avoid flanking of sound at wall and floor intersec-
tions.

Wall and floor penetrations (such as elect. boxes)
can be a source of sound leakage. A 1-square-inch
wall opening in a 100-SF gypsum-board partition
can transmit as much sound as the entire partition.
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___ I Many sound leaks can be plugged in the same man-

ner as is done for air leaks, by caulking.

DUCT LINING

GEAL ALL
oucT & Pive

ENTRY SEAM SLEEPERD
IN WALD & W/BAf; BN,
FLOORS = SLEEPERS
i !A 7

SEAL UNDER = paTT paPLES
BAGE PLATES IN AL VOIDS

or éfou;o o
CARP OOR Epéi
ON UNDER-
LAYMENT ON > B ;
34" Povwioop s ’1“"7"9 FULL AUES
ON SLEEPERS o oe A FLOOR OK RE-
On RESILIENT e n‘,,,««‘«'i‘“ g ’{ SILIENT MAT
mf 4 [
BATT aAFzLaa
IN FRAMIN [#— 21T BarrLES
Voive N ALL VOIDS
BATT OVER
WALL ABOVE
VSR CLG

e
BATT OVER
INGULATION
BOARD OVER
ClG LIGHT
FIXTURE DOUBLE WALL
OF STAGGERED

RESILIENT e STUDS W/
CLPE BTW'N, = BATTS 1N
SHEETROCK 1 i Vo ips
& 5TVDS £ i

REMEDIES FOR REDUCING NOISE
TRANSMISSION

__ m. Walls and floors are classified by Sound Transmis-

sion Class (STC), which is a measure of the reduc-
tion of loudness provided by various barriers. The
higher the number, the better. In determining the
required STC rating of a barrier, the following
rough guidelines may be used:

n. The best remedy for reducing impact noise is to
cushion the noise at its source.

STC Effect on Hearing
25 Normal speech clearly heard through barrier.
30 Loud speech can be heard and understood fairly well.
Normal speech can be heard but barely understood.
35 Loud speech is unintelligible but can be heard.
42-45 Loud speech can be heard only faintly. Normal speech

cannot be heard.
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46-50 Loud speech not audible. Loud sounds other than
speech can be heard only faintly, if at all.

See p. 222 for recommended STC room barriers.

Rough Estimating of STC Ratings

When the wall or floor assembly is less than that desired,
the following modifications can be made. Select the appro-
priate wall or floor assembly. To improve the rating, select
modifications (largest number, + > next largest, + /> next
largest, etc):

a. Light frame walls

Base design STC Rating
Wood studs W/ 2" gyp’bd. 32
Metal studs W/ %" gyp’bd. 39
Modification Added STC
Staggered Studs +9
Double surface skin +3to +5
Absorption insulation +5

b. Heavy walls
The greater the density, the higher the rating. Density
goes up in the following order: CMU, brick, concrete.

Base Design STC Rating
4-inch CMU, brick, concrete 37-41,42
6-inch 42,46
8-inch 47,49, 51
12-inch 52,54, 56

Modification Added STC
Furred-out surface +7 to +10
Add plaster, 2" +2to +4
Sand-filled cores +3

c. Wood floors

Base Design STC Rating
Y-in plyw’d, subfloor with
oak floor, no ceiling 25

Modification Added STC
Add carpet +10
%-inch gyp’bd. ceiling +10
Add resilient damping board +7

Add absorbtion insul.

+3



d. Concrete floors

Base Design
4-, 6-, 8-inch thick concrete

Modification
Resil. Susp. Ceiling
Add sleepers
Add absorption insul.

e. Glass
7" float
double glaze

f. Doors
wood HC
SC
metal
special acoustical

Acoustics

STC Rating
41, 46, 51
Added STC
+12

+7
+3

35t038
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Costs: Sound attenuation blankets: 2” thick = $0.90/SF (10% L and
90% M). Add $0.40 per added inch up to 4”.
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EXAMPLE.

RovshLY ESTMATE. HOW T0 GBT 4.T.C. = 4% FoR AN OFFICE WALL PART-

ITION MADE OF Waow STVGs AND GYPS'D,

FROM APpVE, A WooP 51ip PALTIION W/ 12" cvre 0. 1% ... 8T C= P2
ADY STAGGERED 5TV FOR. FULL CREIIT +9
ADD DOUBLE CAPPRID. For. Yz CREDIT, BoTH o1’ Yy x5 = 12,5
AR AZoORPTION PATTS BETWEEN STVD: 1/2 x5 = 2.5
ToTAL = 46,0
SGLE LAYER %" SYreip,
voua.s lgustAm) Aot & o ON INTERIOR. PAZTITION.
BETWEEN
DouBLE
LAYER 5" K
GYPR'R o
BoTH cive2
OF PARTY
WALL
x , NN z, 7
I\ 27 e
Ak //’“ < W) LIGHT weicHT
A M2 CONCRETE. Tof-
AL JOINTS <X ’k{' , ’ PING, INTER -
‘” [ W RuPTe0 peTweeN
g BNITS.
| \//'/ 215" BATT INSULATION
l Z 2 LAYERS SatevPmiv.
l RESWAENT CHANNELZ>
g ST.C = 55 T0 59

FIRE RATING = ZHoygs

PARTY WALL DETAIL
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USE OF ABSORPTION IN COMMON OCLUPANCIES

ROOM OCCUPANCY

CEILING
TREATMENT

WALL
TREATMENT

SPECIAL

AUDITORIUMS, CHUKCHES, -THEATERS, CONCERT HAUS,
RADIO, RECORDING & TN, £NUN0%, SPEECH $ MISIC RMS,

BOARUROOMS, TELECONFERENCING

Class RoOME

[ ]
(0]

COMMERUAL K ITCHENS

COMPUTER AND BUGINESS MACHINE ROOME

CORRIDORS AND LOBBIES

GYMNASI0MG, ARENAS, & RECREATIONAL SPACES

HEALTH CARE PATIENT ROOMS

LABPORATORIEZ

LIBRARIES

MECHANICAL EQUIPMENT ROOME

MEETING AND CONFERENCE ROOM&

OPEN OFFICE PLAN

PRIVATE OFFICES?

RESTAUEANTS

SHO0LS & INDUSTRIAL SHORS, FACTORIES

okoooo olojojojclosloe

® | (@O

STORES ANP COMMERGAL SHOPS

@ STRONGLY REWMMENDED
O ApvioagLE
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SOUND 150LATION CRITERIA

RECEIVER, RooM

SOUND 120LATION [REQUIREMENT
(MIN‘MUZ:J)URGFOR ALLPATHS BE-
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AREAS, BANKING FLOORS DATA PROCEESING, ST 40-45%
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ING LABORATORY OR TEST ARGG, NORM. PRWACY | TBn AREMG, CORRA

MECHANIZAL EQUIPMENT RooMs ANY SPACE 5TC S0-60 +

MULTIFAMILY DWELANGS NEIGHBORS
(GEPARATE &LIPANCT)

(2.) ZEPROOWES BEIROOME ST 4855
BATHROOMD STC B2-58
KITCHENS 5Tc 52-5a
LVING RooMe sTC HO-5T7
CORRIDORS ST -8

(iz.) LIVING ROOMS HINING ROOMS STC 4855
BTHREOME? ST 56-57
KITCHENS STC 4850

ECHOOL SUILITINGS

(&) CLASHREOMES A, ciadeRoonhe 4 -
LABORATORIES &l 50
CORRICORSE STC 45

() LAREE MBI OR PIZAMA AREA, AUL MU or, @ GO
DRAMA. AREA

(e MUZie PRACTICE ROOMS MUSIe PRACTICE RO o S5

INTERIOR. cXelPIED SFRcER ECTEROR oF BLods. HE 2 - GO

THEATERS, CONCERT HALLG, LECTURE HALLS, ANY AP AL USE GUALIFIED ACZOUSTICAL
ADIALENT CONGULTANT,

RADIO, AN T.N. STUZIOS
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__A. LAND PLANNING 5 (10, (40)

__ 1. Costs: Site work and development costs roughly range from
$3 to $12/SF of site area, exclusive of building footprint. This
includes parking lot, sidewalks, landscaping, and utilities.

a.

b.

_f

2. Slopes: Use the following guidelines for land selection:

Slopes under 1% do not drain well.

Slopes under 4% seem flat and are usable for all
kinds of activity.

Slopes of 4 to 10% are easy grades.

. Slopes over 10% are steep.

Slopes at 15% approach limit of an ordinary loaded
vehicle.

Slopes at 25% are the limit of mowed surfaces.
Slopes over 50% may have erosion problems.

3. Site Selection (For Temperate Climates)

Avoid or make special provision for steep north slopes; west
slopes facing water; hilltops; frost pockets or positions at the
foot of long, open slopes; bare, dry ground; nearby sources
of noise or air pollution. Best sites are well-planted middle
slopes facing south, near water.

___ 4.5treets (Typical Widths)

Type Width R.O.W.
One-way 18’ 25
Minor road 20 35
Minor residential

street 26’
Major street 52 80’
Highway 12'/lane + 8' shoulder up to 400’
__ bB. Parking

___a. In general, estimate 400 SF/car for parking, drives,
and walks.

___ b. For very efficient double-bay aisle parking, estimate
300 SF/car for parking and drives only.

__ ¢ Typical parking stall: 9" x 19".

__d. Parking structure stall: 8.5' x 19'.

___e. Compact parking stall: 7.5" x 15'.

__ f ADA-required. HC parking: To be located as close

to the accessible entry as possible. One HC stall for
ea. 25 up to 100, then 1 per 50 up to 200, then 1 per
100 up to 500. From 501 to 1000: 2%. Over 1001: 20
+ 1 for ea. 100 over 1000. First, plus 1 in every 8 HC
stalls shall have 8-ft side aisle (for van parking). All
other HC spaces shall have 5-ft side aisle (but may
be shared). Stalls to be at least 8 feet wide. Grade at
these locations cannot exceed 2%.

227



228 The Architect’s Portable Handbook

Ne
ACCESABLE ROVTE -

= :%\Wz =
D
2 x—ed

& For \aNg, orHER-
WigE &',

g Loading dock parking: 10" x 35" x 14’ high.

h. One-way drive, no parking: 12’ wide.

i. Two-way drive, no parking: 18 to 24’ wide.

___j. Recommended pavement slope: 1 to 5%.

k. Primary walks: 6’ to 10" wide.

[ Secondary walks: 3" to 6" wide.
m. Walks adjacent to parking areas with overhanging
car bumpers: 2.5 minimum.

n. Above are for rough estimating; always verify local
zoning ordinance.

o. See following diagram and table for typical parking
lot sizes:

4
39NV
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A B C D E F G

Center-to-center width
of two parking rows
with access btw’n.

Overlap
center line
Parking  Stall Stallto Aisle Curb Curbto tocenter

angle  width curb width length  curb line

0° 7'6" 7.5% 11.0 19.0 26.0 26.0
8'0" 8.0 12.0 23.0 28.0 —

8'6" 8.5 12.0 23.0 29.0 —

9'0" 9.0 12.0 23.0 30.0 —

9'6" 9.5 12.0 23.0 31.0 —

30° 7'6" 14.0% 11.0 15.0 39.0 325
8'0" 16.5 11.0 16.0 44.0 37.1

8'6" 16.9 11.0 17.0 44.8 374

9'0" 17.3 11.0 18.0 45.6 37.8

9'6" 17.8 11.0 19.0 46.6 384

40° 80" 18.3 13.0 12.4 49.6 43.5
8'6" 18.7 12.0 13.2 49.4 42.9

9'0" 19.1 12.0 14.0 50.2 433

9'6" 19.5 12.0 14.8 51.0 43.7

45° 7'6" 15.9% 11.0 10.6 42.8 37.9
8'0" 19.1 14.0 11.3 52.2 46.5

8'6" 194 13.5 12.0 523 46.3

9'0" 20.1 13.0 134 532 46.2

9'6" 20.1 13.0 13.4 53.2 46.5

50° 80" 19.7 14.0 10.5 53.4 48.3
8'6" 20.0 12.5 11.1 52.5 47.0

9'0" 20.4 12.0 11.7 52.8 47.0

9'6" 20.7 12.0 12.4 53.4 473

60° 7'6" 16.7* 14.0 8.7 47.5 40.4
80" 20.4 19.0 9.2 59.8 55.8

8'6" 20.7 18.5 9.8 59.9 55.6

9'0" 21.0 18.0 10.4 60.0 555

9'6" 212 18.0 11.0 60.4 55.6

90° 7'6" 15.0% 18.0 7.5 48.0 48.0

8'0" 19.0 26.07 8.0 64.0 —
8'6" 19.0 25.0° 8.5 63.0 —
9'0" 19.0 24.0° 9.0 62.0 —
9'6" 19.0 24.07 9.5 62.0 —

* Based on 150" stall length for compact cars; all others based on 19'0” stall length.
" Two-way circulation.
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___ ©.0pen-Space Proportions

AN OBJECT (PUILDING) wHOSE MAIOR DIMENSION
(VERTICAL OR HORIZONTAL.) EQUALS 1T6 DIST -
ANCE FROM THE EYE 1 DIFFICULT T0 SEE A5
AWHOLE BT TENDS To PE ANALYSED N DE-
TAlL.

WHEN IT 15 TWILE AS FAR, IT APPEARS CLEARLY
AL A WHOLE.

WHEN IT 15 DTIMES AS FAR,, IT STILPOMINATES
AT 19 ALoo SEEN IN RELATION T0 OTHER ORMECTS

WHEN IT 15 4 TIMES, or MORE., 1T PECOMES
FART OF THE GENERAL SCENE.,

AN EXTERNAL ENCLOGURE & MooT LOMFORTABLE
WHEN IT S WAL ARE V2 TO V2 A6 HigH A%
THE WIDTH OF THE SPACE- ENCLOSER

IF THE RATIO FALLS BELOW Y4, THE SFPCE
CEAEGES T0 SEEM ENCLOSED,

LINEE> OF STREET TREEF CAN RE-ESTABLISH
A SENSE OF ENCLOSURE IN WIDE SPALES,
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__ B. GRADING AND DRAINAGE

(D (5) (16 (190 25 (34 (51

___ 1. Grading for Economy

__a. Keep finished grades as close to the natural as possible.
__ b, Amounts of cut and fill should balance over the site.

__ 2. Maximum Slopes

__a. Solid rock %1
___ b. Loose rock ¥2:1 (1:1 for round rock)
___ ¢ Loose gravel 171
__d. Firm earth 1%:1
___ e Softearth 2:1
__ f Mowing grass 4:1

233
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__ 3. Desirable Grades

% of slopes

Situation Max.  Min.
___a. Paved areas
__ (1) AC 5 1
__ (2) Concrete 5 0.5
__ b. Streets
__ (1) Length 6-10 0.5
__ (2) Cross 4 2
__ ¢ Walks
__ (1) Crossslope 2 2
__ (2) Longslope
__ (3) (Subj.to freeze and
accessible) 5
___(4) (Not subj. to above) 14
___d. Ramps
__ (1) HC-accessible (ADA) 8.33
__ (2) Nonaccessible 12.5
___ e Atbuildings
___ (1) Grade away 10’ 2-5
__ (2) Impervious materials 21
__ f Outdoor areas
__ (1) Impervious surface 5 0.5
__ (2) Pervious
__ (a) Ground frost 5 2
__ (b) No ground frost 5 1
__ g Swales and gutters (concrete) 3
__ h. Stairs
___ (1) Landings and treads 2 1
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___ 4. Grades at Buildings

NOTE:GRAVE AWAY
FROM PAILDING

AT LEAST 24-57.
Tor of FLOOR, For 10"

CRAVE TG MIN. (Re0'P R

FOUNDATIONS SuP-
PORTING WOOD WALS)

Ny

=

\
|
l
I

#*SET PUILDING
FLOOR ELE.V.
ATza/. _5%_”2“
2 AT'OUTEALL OF
s STE
% e et n T tesn \ - %T FOUNpAﬂON
4. SHALLOW l:OW l \.2 o EPMAS RGP
GRADE H__)l BY UTE (Soier
* PUILZING OFFICAL- MAY \ REPORT, FR0ST

ALLOW LESD STEEP SLOPE, ) LINE, ETC.)
PRONIONG STE DRANG, kaﬁ\

b. STEEP ERADES FOR SLOPES STEEFER THeN 30|

BULDING OFFICIAL MAY APPROVE ALTERNATE SETBACKS § CLEARANCES,
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___ ©6.Earthwork Conversion Factors
Native, in-place soils can be compacted for greater density.
When dug up the density decreases and the volume
increases. Use the following to estimate earthwork volumes:

Soil In place Loose Compacted
Sand 1.00 1.10 .95
Earth 1.00 1.25 .80
Clay 1.00 1.40 .90
Rock (blasted) 1.00 1.5 1.30

___ 7. Earthwork Costs
The costs given below are based on machinery-moved and
compacted earthwork, normal soils, suburban sites, of

medium size (2000-15,000 CY):

__ Onsite
__ Cut
__ Hand excavation
___ Fill and compaction
(Compaction 20% of total)
__ Off site
__ Import
__ Export

Modifiers:
___ Difficult soils (soft clays or hard,
cementitious soils)
___ Hand-compacted
___ Volume
__ Smaller
__ Larger
___ Location
__ Urban sites
_ Rural sites
___ Situations of severe weather
(rain or freezing)

Other materials:

__ Sand

__ Gravel

__ Rock (blasting only)
__ Rural sites
__ Urban sites

__ Jackhammering

$3.95/CY
$35 to $100/CY
$3.00/CY

$6.50/CY (5 miles or less) to $10/CY
$5.30/CY (5 miles or less) to $7/CY

+100%
+400 to 500%

+50 to 200%
-0 to 35%

+100 to 300%
-0 to 25%

+5t0 10%

$7.90 to $13/CY
$19.80 to $33.00/CY
$7.80 to $10.50/CY

$156/CY
$1780/CY
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EXAMPLE:

PROBLEM: A 4LoPING 5ITE. IN PORTLAND, 0R ., 1% TO
HAVE. A BUILDING PAD OF ao! x 30!, <olle
ARE. NOT UNUSUAL OB DIFEICULT, ROUELY EST-
IMATE. EARTHWORK, CO5TS,

SOUTION:

T
(o op /LF)

IMPORTED
— Crw COMPACTED

(oMpacteD) AL
CUT: 100 5E/LF X GOLF + 27 = 333y @ $3a5= #1215

FilL: B33 CY X 0.2 (OMPACTED) = 100CY
@ % 3.00= % 300

IMPORTED FiILL (COMPACTED)?
B HIGH % 30' x 90! + 27 x .25 (LoosE)
=625CY €650/ /ct = Pdcoo

TOTAL $c2l5
AVIUGT FoR. PORTLAND : 085 * 4 ¢215 = gAY 95900

__ &.Drainage
__a. General: Rainwater that falls on the surface of a

property either evaporates, percolates into the soil
(see p. 252), flows off the site, or drains to some
point or points on the site. That portion that does
not enter the soil is called the runoff and provision
must be made for this excess water. The grading
must be so designed that surface water will flow
away from the building. This may sheet-flow across
the property line or out driveways to the street. Or,
this may necessitate drainage channels with catch
basins and storm drains (see p. 259). Each commu-
nity should be checked for its requirements by con-
tacting the city (or county) engineering or public
works department.

b. Rainfall: For small drainage systems, the maximum
rainfall in any 2-year period is generally used. For a
more conservative design, the 5- to 10-year period
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may be employed. For establishing floor elevations,
100-year floods, are often used. Lacking more spe-
cific data, see App. B, item J, and divide the quantity
by half. One inch of rain per hour is equal to approx-
imately one CF of water falling on one acre of
ground per second.

. Runoff: Volume may be estimated by:

Q=CxIxA,where:
Q = Quantity of runoff in CF/sec
C = Coefficient of runoff:
Roofs 0.95
Concrete or asphalt 0.95
Gravel areas
Loose 0.30
Compact 0.70
Vacant land, unpaved streets
Light plant growth  0.60

No plants 0.75
Lawns 0.35
Wooded areas 0.20

I = Intensity of rainfall in inches per hour
A = Area to be drained, in acres

Dry wells: Slowly drain runoff back into the
ground. They should be at least 10" from septic
tanks and lot lines, 20" from buildings, and 100" from
water supply sources. Their bottoms should lie
above the highest annual level of the local water
table. They should not be used for toilet wastes.
They should not be built in nonporous soil (rock,
hard pom, dense clay, etc.).

Storm drains

It is wiser to oversize than economize on size
because the cost of a slightly larger conduit, besides
being a very small part of the installation cost, is far
less than the cost of flooding and erosion that could
result.

The following nomograph can be used to estimate
storm drain sizes. It is for rough concrete. Materials
of smoother surfaces will have smaller sizes. Also,
see pp. 259 and 519.
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EXAMPLE.:

PROBLEM?  FINp RUN OFF AND PRELM. SIZE OF STORM PRAIN
FOR A PULDING SITE. IN CHICAGD, IL.. \WITH A
LAWN AREA OF 22ZI% &F AND RARD SURFACE.
ARELE (FAVING, ROOF, WALKS ) OF 13500 4F,

SOLUTION!?

l. FIND T FOR CHICAGO (APFPENDIX B, ITEM 1, P.G42) 15 6.3VHR,
BY THE ABOVE RULE OF THUMB (F.240), DNIDE. THIS IN HALF OR
2.2/HR,

[

2. @ = C 1A (LAWN) = (.2B)(2.2)( 22245 + 48860) .57
Q2= ClIA (HARD) = (.4%)(2.2) (15500 42560) = 0.9
=17
NOTE 2 C AN = .25
C HARD = .45
CONVERSION OF &F To AC 14
4BBLO SR/ AL

2. ESTIMATE ONDERGROUND PIFE SIZE WITH A 5% SLOPE. ,
SEE DAGHED LINE IN ABOVE. NOMOGEAPH (R241) For
[l INCH. PIPE , MAKE Tio A 12§ cone. PIPE.

__f Flooding: When siting a building near a lake, stream,
or river, examine the terrain above the water. If the
land slopes gently from the shore, then rises steeply,
and then levels out, this probably indicates a flood-
plain. No building should be placed below the crest
of the rise. The damage that can be caused by even a
small stream rising to flood stage is staggering. If a
stream’s speed doubles, its erosive force is 32 times
greater. If its speed quadruples, its erosive force
increases more than 1000 times.
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EXCAVATION VOLUMES

GEOMBTRIC
SURFACE

ACTUAL
SURFACE

-

\ = 0,25H(L+L)(W+W) V= .32 D*H
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__C. S0ILS (2) 5 {16 (25 (40} (51} (60)

__ 1. Danger “Flags”
High water table.

a.

b. Presence of trouble soils: Peat, other organic materi-
als, or soft clay, loose silt, or fine water-bearing sand.

c¢. Rock close to surface.

d. Dumps or fills.

e. Evidence of slides or subsidence.

___ 2. Ranking of Soil for Foundations
___a. Best: Sand and gravel
__ b. Good: Medium to hard clays
___ ¢ Poor: Silts and soft clays
___d. Undesirable: Organicsilts and clays
_e. Unsuitable: Peat

__ 3. Aboveground Indicators:
___a. Near buildings: When deep excavations occur near

existing buildings there may be severe lateral move-
ment. This requires shoring of adjacent earth and or
existing foundations.

___ b, Rock outcrops may indicate bedrock is just under-
ground. Bad for excavating but good for bearing
and frost resistance.

___ ¢ Water (such as a lake) indicates a water table close to
grade. Foundations may be expensive and unstable.

__d. Level terrain usually indicates easy site work, fair
bearing, but poor drainage.

__ e Gentle slopes indicate easy site work and excellent
drainage.

___ [ Convex terrain (a ridge) is usually a dry, solid place
to build.

__ g Concave terrain (a depression) usually is a wet and
soft place to build.

___ h. Steep slopes indicate costly excavation, potential
erosion, and sliding soils.

___i. Foliage: Some species indicate moist soil. Sparse or
no foliage in a verdant area suggests hard, firm soil.
Large solitary trees indicate solid ground.

__ 4. Basic Soil Types (ldentification)
___a. Inorganic (for foundations)
__ (1) Rock: good bearing but hard to excavate
__ (2) Course grain
__ (a) Gravel: 3" to 2 mm. Well-drained,
stable material.

245



246 The Architect’s Portable Handbook

___(b) Sand:0.05 to 2 mm. Gritty to touch
and taste. Good, well-drained ma-
terial if confined, but “quick” if
saturated.

__ (3) Fine grain

__ (a) Silt:0.005 to 0.05 mm. Feels smooth
to touch. Grains barely visible. Sta-
ble when dry but may creep under
load. Unstable when wet. Frost
heave problems.

___ (b) Clays: Under 0.005 mm. Cannot see
grains. Sticks to teeth (or hand,
when moist). Wide variety in clays,
some suitable and some not. Can
become expansive when wet.

___ b. Organic (not suitable for foundations). Fibrous tex-
ture with dark brown or black color.

__ 5. Most Soils Combine Types
__a. Consist of air, water, and solids
__ b. Size variation of solids a factor

0ellee’ o
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__ ©.Amounts of types of solids vary, giving different char-
acteristics per following table:

Unified Soil Classification

Allow. Frost
Soil bearing Drain- heave Expan.
type Description (Ib/SF) age potent  potent
1) (2) 3)
~_ BR Bedrock 4000 to Poor Low Low
12,000
Gravels
Clean gravels
_ GW Well-graded gravel- 3000 Good Low Low
sand mixtures, little
or no sands
__ GP Poorly graded 3000 Good Low Low
gravels or gravel-
sand mixtures, little
or no fine
Gravels with fines
___ GM Silty gravels, gravel- 2000 Good Med. Low
sand-silt mixtures
_ GC C(layey gravels, 2000  Med. Med. Low
gravel-clay-sand
mixtures
Sand
Clean sands
_ SW  Well-graded sands, 2000 Good Low Low
gravelly sands, little
or no fines

__ SP  Poorly graded sands 2000  Good Low Low
or gravelly sands,
little or no fines
Sands with fines

__ SM Silty sand, sand-silt 2000 Good Med. Low
mixtures
_ SC Clayey sands, sand- 2000  Med. Med. Low

clay mixture
Fine grained

Silts
__ ML Inorganic silts and 1500 Med. High Low
very fine sands, rock
flour, silty or clayey
fine sands w/slight
plasticity
__ MH Inorganic silts, mica- 1500  Poor High High

ceous or diatoma-
ceous fine sandy or
silty soils, elastic silts
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Clays
__ CL Inorganic clays of 1500  Med. Med. Med.
low to med. plasticity,
gravelly, sandy, silty,
or lean clays
__ CH Inorganic clays of 1500  Poor Med. High
high plasticity, fat clays

Organic
__ OL Organicsilts and 400  Poor Med. Med.
organic silty clays
__ OH Organic clays of 0  Unsat. Med. High
medium to high
plasticity
__ PT  Peatand other 0 Unsat. Med. High
highly organic soils
Notes:
1. Allowable bearing value may be increased 25% for very compact, coarse-grained,

gravelly or sandy soils, or for very stiff, fine-grained, clayey or silty soils. Allowable
bearing value should be decreased 25% for loose, coarse-grained, gravelly or sandy
soils or soft, fine-grained, clayey or silty soils.

. Percolation rate for good drainage is over 4"/hr; medium drainage is 2-4"/hr; poor
is less than 2"/hr.

. Dangerous expansion might occur if these soil types are dry but subject to future
wetting.

. IBC allows to 1500 psf for nonexpansive soils and small buildings.

f5) ANOID FOR BLD 6.
‘%A A\ MATERIAL

3 VAVAVAVAVIIAVAVAVAVAVAVAVAVAV\
QV% TAVAY YAV A‘\mAV VAVQVA}@

é" \VAVAV SARAANAA VAVA ‘V 7\
100k W&VA\\VAVAVAVAVAVAVAVAVAV&VA L0
0 20 30 40 50 60 70 80 0 wo
PERCENT &SILT
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___ 7. Clays: Usually give greatest problems for foundations.
___a. Measure expansiveness:

LIQUID STATE- L.L, (©0ll FLOWS)

3 y

) 2L,

Z\z \
$8 paeTic sTATE PL. (CAN BE ROLED INTO B
é y DIA, BEFORE. BREAKING)
O

2|} 2eMl wup sTAE

prRY L., (BEGNG T0 SHRINK)

W ZoLID STATE

The greater the PI (Plasticity Index), the greater the
potential for shrinkage and swelling. Some clays swell up to
20-fold with pressures of several tons/SE. Problems of
upheaval vs. settlement usually are 2 to 1.

___ b. Strength of clays

Shear Compression
Consistency  (ton/SF) (ton/SF) Rule of thumb
_ Soft 0.25-0.5 <0.5 7" pencil makes 1" pene-
tration with med. effort.
__ Medium 0.5-1.0 0.5-1.0 7" pencil makes
stiff 1.0-2.0 7" penetration with med.
effort.
__ Very 1.0-3.0 2.0-4.0 7" pencil makes /4" pene-
stiff tration with much effort.
__ Hard 3.0> 4.0> /4" steel rod can penetrate
less than %". Can hardly
scratch.
—_ &.Testing

__a. Simple field tests
__ (1) Separation of gravel

__ (a) Remove from sample all particles
larger than %" diameter.

___ (b) Estimate percent gravel.

__ (2) Sedimentation test

__ (a) Place sample (less gravel) in can-
teen cup and fill with water.

___ (b) Shake mixture vigorously.

__ (¢) Allow mixture to stand for 30 sec-
onds to settle out.

___ (d) Pour off water and save.
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__ (e) Repeat (b) through (d) above until
water poured off is clear.

___ (f) Evaporate water from (d) above.

___ (g) Estimate percent fines.

__ (3) Comparison of gravel and sand

___ (a) Gravels have been removed in test
(1).

___ (b) Fines have been removed in test (2).

__ (¢) Dry soil remaining in cup.

___ (d) Soil remaining in cup will be sand.

__ (e) Compare dry sand in cup with
gravel.

___ (4) Dry strength

__ (a) Formmoist pat2” in diameter by 5"
thick.

___ (b) Allow to dry with low heat.

___ (c¢) Place dry pat between thumb and
index finger only and attempt to
break.

___ (d) Breakage easy—silt.

Breakage difficult—CL.
Breakage impossible—CH.
(see p. 248, Typical)

__ (5) Powder test

__ (a) Rub portion of broken pat with
thumb and attempt to flake parti-
cles off.

__ (b) Pat powders—silt (M).

Pat does not powder—clay (C).
__ (6) Thread test (toughness test)

___ (a) Form ball of moist soil (marble size).

___ (b) Attempt to roll ball into %"-diame-
ter thread (wooden match size).

__ (c¢) Thread easily obtained—clay (C).
Thread cannot be obtained—silt
M).

__ (7) Ribbon test

__ (a) Form cylinder of soil approxi-
mately cigar-shaped in size.

___ (b) Flatten cylinder over index finger
with thumb; attempting to form rib-
bon 8" to 9" long, 4" to %" thick, and
1" wide.

__ (¢) 8"to9" ribbon obtained—CH.
Less than 8” ribbon—CL.
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__ (8) Wetshaking test

__ (a) Place pat of moist (not sticky) soil
in palm of hand (vol. about % cu.
in.).

__ (b) Shake hand vigorously and strike
against other hand.

___ (¢) Observe rapidity of water rising to
the surface.

___ (d) If fast, sample is silty (M).

If no reaction, sample is clayey (C).
__(9) Grit,or bite test

__ (a) Place pinch of sample between
teeth and bite.

__ (b) If sample feels gritty, sample is silt
M).

__ (c) If sample feels floury, sample is
clay (C).

__ (10) Feel test

___ (a) Rub portion of dry soil over a sen-
sitive portion of skin, such as
inside of wrist.

___ (b) If feel is harsh and irritating, sam-
ple is silt (M).

__ (¢) Iffeelissmooth and floury, sample
is clay (C).

__ (11) Shine test

__ (a) Draw smooth surface, such as
knife blade or thumbnail, over pat
of slightly moist soil.

__ (b) If surface becomes shiny and
lighter in texture, sample is a high-
compressible clay (CH).

__ (¢) If surface remains dull, sample is a
low-compressible clay (CL).

__ (12) Odor test

__ (a) Heat sample with match or open
flame.

__ (b) If odor becomes musty or foul-
smelling, this is a strong indication
that organic material is present.

__ (13) Cast test

__ (a) Compress a handful of moist soil
into a ball.

___ (b) Crumbles with handling—GW,
SW, GP, or SP.
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— (14)

— (15)

___ (c) Withstands careful handling—SM
or SC.

___ (d) Handled freely—ML or MH.

___ (e) Withstands rough handling—CL
or CH.

Slaking test

___ (a) Place soil or rock in sun to dry.

__ (b) Soak in water for 24 hours.

__ (c) Repeat (a) and (b) above several
times.

__ (d) If soil or rock disintegrates, it is
poor material.

Amounts of soil

Sieve Jar of water

__ Gravel
_ Sand
_Silt
__ Clay

Remains on #10 Settles immediately
Remains on #200  Settles in 30 sec
Goes to bottom Settles in 15-60 min
Goes to bottom Settles in several hrs

__ (16)

Measure each amount to get approximate
percent of each soil type.

Testing for percolation: Absorption ca-
pacity of soil for sanitary septic systems
(see p. 518) may be checked by digging a
test pit at the drain field site in the wet sea-
son to the depth that the field will lie. Fill
the pit with 2’ of water, let fall to a 6"
depth, and time the drop from 6" to 5".
Repeat until it takes same time to make
the 1" drop in two tests running. The allow-
able absorption rate of soil, in gallons per
SF of drain field per day, is:

Approx. absorption

Time for 1” rate, gals
fall, minutes per SF per day
__Sorless 2.5
_ 8 2.0

10 1.7

12 1.5

15 1.3

22 1.0

Total sewage flow = 100 gal per person per day.
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_b. Soils reports and data

Architects are well advised to have their clients
obtain soils reports for all projects, even residential.

— M

— @

— 3

Geotechnical or soils report recommenda-

tions are based on lab tests of materials

obtained from on-site borings. Request the

following info:

___ (a) Bearing capacity of soil and settle-
ment

___ (b) Foundation design recommenda-
tions

__ (¢) Paving design recommendations

___ (d) Compaction recommendations

__ (e) Lateral strength (active and passive
pressure, and coef. of friction)

__ (fh Permeability

__ (g) Frostdepth

Typical investigations require borings at the

center and each corner of the “footprint” of

the building, or one per 3000 to 5000 SE.

Costs: Under 10,000 SF: $2000 to $5000.

Thereafter: $.20 to $.40/SF up to 100,000 SF.

Very large or high-rise projects have large

negotiated fees.

___ (4) Typical soils report strength characteristics:
__ Noncohesive (granular) soils
Relative density Blows per foot (N)
___ Veryloose 04
__ Loose 5-10
_ Fmm 11-30
_ Dense 31-50
__ Verydense 51+
___ Cohesive (claylike) soils
Unconfined
Comparative Blows compressed
consistency per foot strength (T/SF)
__ Very soft 0-2 0-0.25
_ Soft 34 0.25-0.50
__ Med.stiff 5-8 0.50-1.00
_ Stiff 9-15 1.00-2.00
__ Very stiff 16-30 2.00-4.00

Hard 31+ 4.00+
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Degree of Degree of

plasticity PI  expan.pot. PI
___ None to slight 04 Low 0-15
__ Slight 5-10 Medium  15-25
___ Medium 11-30 High 25+
___ High 31+

___ (5) For small projects, especially in rural areas,
soils surveys by USDA Soils Conservation
Service are available (free of charge)
through the local soil and water conserva-
tion district office.

__ 9. 50il Preparation for Foundations

a.

Soils may or may not have to be prepared for foun-
dations, based on the specific foundation loads and
type and nature of the soil.

Problem soils

__ (1) Collapsing soils undergo large reductions in
volume as they become wet. This magnifies
when foundation loads are applied. These
soils are found most extensively as wind- or
water-deposited sands and silts, sometimes
called loess. Man-made fills can have the
same effect. The soils exist as loose deposits,
with large void spaces between soil particles.

__ (2) Expansive soils are usually clays. See 7,
above.

Compaction is a procedure that increases the den-
sity of soil (decreasing the void space and thereby
increasing the strength) by either rolling, tamping,
or vibrating the surface. Adding moisture increases
the density until the optimum moisture at maximum
density is obtained. This is given as a percent (usu-
ally 90% to 95% desired). Past this, the density
decreases.

__ (1) Typical procedure lays down a 6" to 8" layer
(“lift”) of soil, which is watered and com-
pacted. For sand, vibratory compaction
equip. is used. Sand cannot be over-com-
pacted. For clay, heavy rollers are best. Clay
can be over-compacted.

__ (2) Problem soils may need:

__ (a) “Engineered fill” is standard com-
paction, but with usually a prede-
termined fill material brought on
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site, placed, and tested under the
supervision of a soils engineer. This
may require removing the native
problem soil to a predetermined
depth.

Prewetting (causing moisture to
penetrate several feet) and then
compacting or loading a “sur-
charge” of soil stockpiled above the
native.

__ (c¢) Other:

___ “Dynamic” compaction by

dropping heavy weights. This
can compact 60’ deep.

Deep vibration by a steel shaft
driven into the ground. Water
may be forced down the shaft.
Compaction can occur at
depths of 60" to 100'. This is
economical only when used for
large sites.

Blasting.

Compaction piles.

Compaction grouting.
Stabilization by chemical grout-
ing such as lime (for expansive
soils).

__10.Laterial: Many soils, particularly sandy or clayey soils, are
only /% as strong laterally as vertically.

___ N. Foundations
Differential settlement of foundations: %" to Y.,
maximum.

a.

__ b. Depth of foundations should be at or below the

C.

local frost line. See App. B, item C.
The best solution to avoid potential problems is
wide footings with high safety factors.

___d. For more on foundations, see pp. 281 and 285.

__12.Radon
_a.

See App. B for likely radon locations.

___ b, A colorless, odorless, radioactive gas found in soils

C.

and underground water.

Is drawn from the soil through the foundation when
the indoor pressure is less than the pressure outside,
in the soil. This usually occurs in winter.

___d. Reduction approaches:
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__ (1) For slab-on-grade construction, a normal
uniform rock base course, vapor barrier,
and concrete slab may be satisfactory.

__ (2) Basements
__ (a) Barrier approach, by complete

waterproofing.

___ (b) Suction approach collects the gas
outside the foundation and under
the slab, and vents it to the outside.
Consists of a collection system of
underground pipes (or individual
suction pipes at 1/500 SF), and dis-
charge system.

__ (3) Costs: $420 to $600 during home const., but
$600 to $3000 for retrofits.

__13.Termite Treatment

a. Wood buildings should usually have termite treat-
ment under slab on grade.

b. Locations where termites are most prevalent are
given in App. B,item F.

¢. Costs: $0.40/SF (55% M and 45% L), variation
-35%, +65%.
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__D. UTILITIES (30)

At the beginning of a project, the architect should verify util-
ity needs and availability. The five main utilities are water,
sewer, power, gas, and telephone—with storm drains and
cable TV as added options.

UTILITY TRENCHES

Typical Costs for Trench, Excavation,
and Compacted Backfill:
__ For 2' x 2' trench with 0 to 1 side
slope: $0.75/SF sect./LF trench
___ Double cost for 2 to 1 side slope.
Add 1% for each additional ft

depth past 2'.
___ Add to above cost of pipe or con-
duit listed below.
__ 1. Storm Drains
___a. Most expensive, avoid where possible.
__ b. Separate from sanitary sewer.
___ ¢ Manholes at ends, at each change of horizontal or
vertical direction, and each 300’ to 500'.
__d. Surface drain no more than 800" to 1000’ to catch
basins, or 500" if coming from two directions.
___e. 4'deepin cold climates, or at least below frost line.
__ f Minimum slope of 0.3% for a minimum velocity of
2'/sec (never exceed 10'/sec)
__ g 12" minimum diameter in 3" increments up to 36".
__ h. See p.239 for sizing.

See below for Costs.

___ 2. Sanitary Sewer

__a
b.

C.

d.

__ e
—f

CO at ends, branchings, turns (less than 90°).
Typically, 4" for house branch up to 8” diameter for
mains and laterals. 6” for most commercial.

Street mains often at —6', or greater.

Slopes of from " to 4"/ft.

Place below water lines or 10" away.

Also see p.518.

Typical Costs for Drainage and Sewage Piping: (per LF)
__ Reinforced concrete: 12" to 84" diameter = $1.80 to $5.50/inch dia.
__ Corrugated metal: 8" to 72" diameter = $1.75 to $3.95/inch dia.
__ Plain metal: 8" to 72" diameter = $1.30 to $3.90/inch dia. (storm

drains only)

__ PVC:4" to 15" diameter = $1.50 to $1.65/inch dia.
___ Clay: 4" to 36" diameter = $1.90 to $5.40/inch dia.

259
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Typical Costs for MH and Catch Basins:
__ For4' x4 deep, C.M.U. or P.C.C. = $2160
__ Adjust: +10% for brick, +15% for C.L.P. conc.
__ Add: $540 each ft down to 14'.

__ 3.Water

a.
b.
d

e.

_f

Flexible in layout.
Best located in Right-of-Way (ROW) for mains.
Layouts: branch or loop (best).
Affected by frost. Must be at -5" in cold climates, or
at least below frost line.
Place water main or line above and to one side of
sewer.
Valves at each branch and at each 1000" max.
FHs laid out to reach 300’ to buildings but no closer
than 25" to 50'. Sometimes high-pressure fire lines
installed.
Typical size: 8" dia., min., mains

6" dia., min., branch
Typical city pressure 60 psi (verify)
Where city water not available, wells can be put in
(keep 100" from newest sewer, drain field, or stream
bed).

__ k. Also,see p.516.

Typical Costs for Piping (per LF):
___ Iron: 4’ dia. to 18" dia. = $4.75/inch dia.
___ Copper: %" dia. to 6" dia. = $8.80 to $27.60/inch dia.
__ PVC:1%" dia. to 8" dia. = $3.00/inch dia.

___ 4. Power and Telephone

a.

b.

Brought in on primary high-voltage lines, either
overhead or underground.

Stepped down at transformers to secondary (lower
voltage) lines. Secondary lines should be kept down
to 400’ or less to building service-entrance sections.
Underground distribution may be 2 to 5 times more
expensive but is more reliable, does not interfere
with trees, and eliminates pole clutter. Always place
in conduit.

If overhead, transformers are hung on poles with
secondary overhead to building. Guyed poles typi-
cally 125’ (max.) apart. Where not in R.O.W.,, &
easement required. For footings, provide 1’ of inbed-
ment per every 10" of height plus 1 extra foot.

See p. 609.
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Typical Costs for Conduit: 3" to 4": $5.25 to $7.90/LF
PC conc. transformer pad, 5' sq.: $70/ea.

_ b.Gas

a.

b.

tilities
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Underground, similar to water. Piping must be cor-

rosion protected.

Main problem is danger of leakage or explosion, so
lines should be kept away from buildings, except at

entry.

As a rule, meter each building separately.
Lines should not be in same trench as electric cable.

Also see p. 525.

Typical Costs for Gas Piping:
___ Plastic: $2.95 for 1'/4" to $10.00/LF for 4" dia.
__ Steel: $31.65/LF for 5" dia. to $58.55/LF for 8" dia.

___ ©.Fire Protection: Generally, fire departments want:

a.

Fire hydrants at streets
or drives that are located
about 300 ft apart and
located so that a 300-ft
hose can extend around
building.

Min. of at least 16-ft-
wide drives around
building, with 30" to 60’
turning radius for fire
truck access.

Also see p.521.
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Typical Costs:
Piping costs, same as water (iron or PVC)
Hydrants: $2280/ea.
Siamese: $260 to $430/ea.

T O £ s
\ KIN“?TALLPIPge

ABOVE THIS LINE



Utilities 263

EXAMPLE:

PROBLEM! ESTIMATE THE COST OF A NEW 200!
LONG UNDERGROUND, 12" PC WATER
LINE POR A BULDING SITE IN Loe
ANGELES, cA. THIS WILLBE AT IN
URING ROUGH GRAPING, PRIOR To FAV-
ING AND LANDESCAPING:

SOLUTION: -

N

Sk

l, 2'5Q. TRENCH EXCAV. § FILL: $0.65(P 2514 5F »20 =520
214 PILLINE: (8" X$2.50/"04(P260) x200'= 150

#1270
2. L0 ANEELES CO5T FACTOR x Len
(5EE APR B, ITEM V, P 628) % 1259

Y ¢ D160
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Item

___E. SITE IMPROVEMENTS

Costs

__ 1. Paving

___a. Asphalt:
2" AC

For each added inch:
4" base:

For each added inch:

$.60 to $1.20/SF (70%M and
40%1L)

Increase 25 to 45%

$.45 to .70/SF (60%M and
40%1L)

Increase 25%

b. Concrete drives, walks, patios:

7" score joints at 5’ and expan. joints at 20" to 30’

4" concrete slab:

Add:

For base

For each inch more
For reinforcing

For special finishes
For vapor barriers

__ 2. Miscellaneous Concrete

a. Curb

b. Curb and gutter
Add for “rolled”

¢. Conc. parking
bumpers

d. Paint stripes

_ 3. Fences and Walls

__a. Chain link
4' high
6' high
__ b. Wrought iron,
3 to4
__ ¢ Wood fencing

__d. Walls

__ 4. 5ite Lighting

___ a. Pole mounted
for parking lot,
20" to 40" high

__ B. Carports and Canopies

(no foundations)

$2.00 to 2.60/SF (60%M and
40%L)

See AC, above
Add 15%

5t0 10%

Add 100%
See p. 365.

$10.80/LF (30%M and
70%L)

$16.80/LF

+25 o/o

$.60/ea. (65%M and 35%L)

$.40/LF (20%M and 80%L)
$6.65 to $9.60/LF (50%M
and 50%L)

$7 to $10.00/LF

$28/LF (70%M and 30%L)
$2.25 to $9.60/SF (60%M
and 40%L) depending on

material, type, and height
See Parts 3 and 4.

$2040 to $4200/ea.

$2160-$4800/car
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__F. LANDSCAPING AND IRRIGATION

__ 1. General

a.

Landscaping can be one of the greatest aesthetic
enhancements for the design of buildings.
Landscaping can be used for energy conservation.
See p. 181.

Landscaping can be used for noise reduction. See
p.214.

At locations with expansive soils, be careful about
plants and irrigation next to buildings.

Trees can be used to address the design needs of a
project by directing pedestrian or vehicle move-
ment, framing vistas, screening objectional views,
and defining and shaping exterior space. Trees can
also be used to modify the microclimate of a site and
help conserve building energy use from heating and
cooling systems. Mature trees and ground cover
absorb or delay runoff from storm water at a rate 4
to 5 times that of bare ground.

Existing: Mature trees will not survive a violent
change of habitat. The ground may not be cut away
near their roots, nor may more than a few inches be
added to grade; though a large well with radial
drains and 6" of crushed stone out to the drip may
work. As a rule, though, up to 50% of the root sys-
tem can be lost without killing a plant, providing
the other 50% is completely undisturbed. Trees
which grew in a wood must be preserved in a clump,
since they have shallow roots, while trees that were
originally isolated or in open fence lines should be
kept so.

As a general rule, trees should be located no closer
to buildings than the extent of the mature “drip
line.” When closer, deeper foundations may be
needed, especially in expansive soils.

Good ventilation is a must for interior plants, but
AC supply should be directed away from plants due
to winter overheating. For interior plants and pots,
see p. 461.
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___ 1. Trees are often selected by profile for aesthetics and

function:
CANOPY TALL ROUNp FOCAL
__ 2. Materials

_a. Select material based on USDA Plant Zones, shown
below. See App. B, item H, for various zones.

Zone Approx. range of ave. annual min. temp.

2 -50 to —40°F
3 -40 to -30°F
4 -30 to -20°F
5 -20 to -10°F
6 -10to 10°F
7 0to -30°F
8 10 to 20°F
9 20 to 30°F

10 30 to 40°F

b. Next, select plants for microclimate of site (see p.
181) and location around building, as follows:
__ (1) Shaded locations and north sides
__ (2) Semi-shaded locations and east sides
__ (3) Sunny locations and south and west sides
c. Select material by the following types:
__ (1) Large trees (over 20', often up to 50" high)
__ (2) Small trees (under 20’ high)
__ (3) High shrubs (over 8’ high)
__ (4) Moderate shrubs (4' to 8" high)
__ (5) Low shrubs (under 4’ high)
___ (6) Ground covers (spreading plants under 24"
high)
d. Select material based on growing season, including:
__ (1) Evergreen versus deciduous
__ (2) Annuals (put in seasonally, not returning)
versus perennials (die in winter but return
in spring)
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Selection based on aesthetics:
__ (1) Shape (see item 1-h, above) and texture
___ (2) Color,often dependent on blooming season

Rule of Thumb: Costs of overall landscaping = $2 to $5/SF of landscape

area.

Costs shown below: 50%M and 50%L, variation of +/-25%, depending
on soil and growing season. For commercial jobs, add 20 % due to war-
ranties and maintenance.

Trees 15 gal $100/ea. Shrubs 1 gal $9/ea.
24" box (1"c) $250/ea. 5 gal $25/ea.
specimens $400 to $2500/ea.  specimens $60/ea.+
Vines 1gal $8.50/ea. Ground covers
S5gal $25/ea. plants 1 gal $9/ea.
lawn sod (incl. topsoil)  $.50 to
$.75/SF
lawn seed $.25/SF
hydroseeding $0.06/SF
(seed, mulch, binder,
and fertilizer)
Other
Brick or concrete border $7.50/LF to $12.50
Rock $2.50 to $6.50/SY
Preemergent $.08/SF
Pots, 14" ceramic with saucer $100/ea.
__ 3.lrrigation
___a. Can be in the following forms:
Type Material Costs
Bubbler Plants and trees $.50/SF
Spray Lawn $.30-$.50/SF
Drip Plants and trees $.50/SF
__ b. System should “tee” off water line before entering
building. The tee size usually ranges between %" and
2",
__ ¢ Controls usually require a 110V outlet.
d. Backflow prevention unit usually required by code.
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A. CONCRETE MATERIALS
(A5 <26‘ <50) 58‘ <60‘ 61‘

__ 1. General Cast-in-Place Costs
___ a. Substructure: $200 to $500/CY (40%M and 60%1L)
___ b. Superstructure: $600 to $1300/CY (30%M and 70%L)
___ 2.Concrete: Consists of (using the general 1-2-3 mix, 1 part
cement, 2 parts sand, and 3 parts rock, plus water):

___a. Portland cement
__ (1) Type I: Normal for general construction.

__ (2) Type II: Modified for a lower heat of hydra-
tion, for large structures or warm weather.

__ (3) Type III: Modified for high, early strength,
where forms must be removed as soon as
possible, such as high-rise construction or
cold weather.

__ (4) Type IV:Modified for low heat for very large
structures.

__ (5) Type V: Modified for sulfate resistance.

__ (6) Types IA, TIA, or IITA: Air-entrained to
resist frost.

___ b. Fine aggregate (sand): %" or smaller.

__ ¢ Course aggregate (rock and gravel): %" to2".

__d. Clean water: Just enough to permit ready working
of mix into forms. Mix should not slide or run off a
shovel. Major factor effecting strength and durability
is the water-cement ratio, expressed as gallons of
water per sack of cement (usually ranging from 5 to
8). Slump is a measure of this:

CONE  CONCRETE MoRTAZ. MASONRY & ROUT

___ 3. Structural Characteristics (Primer)
___a. Strength

AVERAGE PHYSICAL PROPERTIES

ELASTIZ UMIT] ULTIMATE STRENGTH] ALLOWABLE wom(we ~

(PA) o) UNIT &TREBS  (P2) 5‘3

“' AN

MATERWAL |TEN- | Comez | Ten- | come: TEN- | come o
o g P o e B o L P § 33

CONCRETTE 2500 Hzz 120
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__ b Bending

_

Concrete is strong in compression but has
little dependable tensile strength. Steel is
strong in tension. When they are combined
in a reinforced concrete bending member,
such as a beam or slab, the concrete resists
compression and the steel resists the ten-
sion. Thus, the reinforcing must be located
at the tension face of the member.

_ @

Reinforcing splices in continuous-top rein-
forcing are usually located at midspan.
Splices at bottom reinforcing are usually
located over supports.
Reinforcing: Steel
bars start at #2s, which
are /4" dia. Sizes go up
to #11s, with each size
an added %". All bars
are deformed except
#2s. A common prob-
lem is trying to cram
too many bars into too
small a section.
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REINFORCING BARS: GRACES & SIZES
ENGLISH METRIC
GRADES =
40 200
@0 4720
75 520
EIZES SIZE DIAMETER ON)  SI1ZE DIAMETER (MM
) 0.315 #1p 5
84 0,500 1% 127
® 5 0.625 +ie 159
$o ©.750 49 19,1
#7 0.8 22 22.2
wg l.ooo #25 264
#q Lizs #29 28.7
#)0 I 270 #37 32.3
1 L4lo 424 25.8
#(4 1.62% #43 420
bl ) 2,257 #57 571.3
__(3) Shear

__ (a) When con-
crete fails in

shear it is Lildllll
generally g:

due to a ten- LEELL,
sion failure T
along a di-
agonal line.
Vertical steel “stirrups” or diagonal
bars are often used to tie the top
and bottom parts together across
the potential crack and prevent
failure. This steel must be placed
accurately in the field.

___ (b) The weakness of concrete in diago-
nal tension leads to problems with
keys and construction joints.




276 The Architect’s Portable Handbook

SPALLED KEY PETTER

CONSTRUCTION JOINT IN (L~ u
UMN POURED TOO HiGH BETTER

b

___ (4) Bond: Reinforcing lap splices need to be
long enough to bond with the concrete.
These splices close to the surface are weak,
so reinforcing needs to be centered or kept
clear of surfaces. In general, bars should not
be lap-spliced at points of maximum stress.
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__ (5) Columns

12%°
HOOK

-HPIRAL
REINF'G,

N
—) SHRINK ¢

BETTER

— (o)
— )

— (©

—(d)

—

In columns, both the concrete and
the steel can work in compression.
Bars need steel ties to keep them
from buckling outward. Also,
closely spaced ties help confine the
concrete against breaking apart.
90° hooks are often used, but
should not be used in seismic areas.
The best anchor for the end of a tie
is a 135° hook around the rebar and
back into the concrete.

The ultimate in tying bars against
outward buckling and confining
concrete against breaking apart is
the spirally reinforced column.
Reinforcing is often lap-spliced at
floor levels.

___ (6) Concrete shrinks: Details must allow for

this. Try to avoid locking fresh concrete
between two immovable objects. Pouring
sequences should consider this problem.

— (@

__(b)

__ (7) Prestressed Concrete:

Differs from ordinary, reinforced
concrete in that prestressing steel
is under a very high tension, com-
pressing the concrete together,
before any load is placed on the
member. This strengthens the con-
crete in shear as well as bending.
This requires very high-strength
steel which is impractical in ordi-
nary reinforced concrete but results
in large steel savings.
Posttensioning involves tightening
the rods or cables after the concrete
is poured and cured. This concen-
trates a large stress at each end of
the cables and requires special care
(bearing plates, special hardware,
reinforcing, etc.) to prevent failure
at these points. If an end connec-
tion fails in unbonded posttension-
ing, there’s no reinforcing strength
left!
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___ (¢) Pretensioning has none of these “all
the eggs in one basket” problems.
Pretensioning lends itself to pre-
cast, plant-produced members,
while posttensioning lends itself to
work at the job site.

___ (d) Problems
__ 1. Continuing shrinkage is the

most common problem with
‘ prestressed concrete. All
{ details must consider long-
| term shrinkage.
- 2. Notches in precast tees at

bearing may cause problems.
Use quality bearing pads.

__ 4. Testing: Typical design compressive strengths are f'c =
2500 to 3000 psi. To be sure of actual constructed strengths,
compressive cylinder tests are made:

7-Day Break 28-Day Break
60 to 70% of final strength Final strength

The UBC requires average of three tests to meet or exceed
f'c. No test must fall below f'c by 500 or more psi.

5. Finishes: Different wall finishes can be achieved by:

Type Cost
___ a.Cast shapes and textures $3.30 to $7.00/SF
__ b.Abrasive treatment (bush

hammering, etc.) $1.50 to $6.00/SF

__ c¢.Chemical retardation
(exposed aggregate, etc.) $0.90/SF

AT PUSH HAMMERED EXPOSED AGEREG
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___ B. FOUNDATIONS

1. Functions

a. Transfers building loads to ground

b. Anchors the building against wind and seismic loads
c. Isolates the building from frost heaving

d. Isolates building from expansive soils

e. Holds building above or from ground moisture

f Retards heat flow to or from conditioned space
g
h.
i.

Provides storage space (basements)
Provides living space (basements)
Houses mechanical systems (basements)

__ 2.Types
___a.Slab-on-grade ___ b. Crawlspace ___ c Basement

3. Types

a. Spread Footings: Used for
most buildings where the
loads are light and/or there
are strong, shallow soils. At
columns, they are a single
“spot” square directly bear-
ing on the soils. Bearing
walls have an elongation of
the above. These are almost
always of reinforced con-
crete.
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___ b. Grade Beams: These are
used where upper soils
are weak. They take wall
loads and transfer them
over to column founda-
tions as if the beam
were in the air. They are
of reinforced concrete.
Where soils are expan-
sive, forms are some-
times hollow at the
bottom to allow for soil
heave without lifting the
beam. This system is usu-
ally used with drilled
piers at the columns.

c. Drilled Piers or Caissons:
These are used for heavy
loads and/or where the
soil is weak down to a
stronger depth. These are
almost always of rein-
forced concrete.
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__d. Piles: These are used
for heavy loads and/
or where deep soils
are weak. End bear-
ing piles are driven
down to a deep bear-
ing stratum. Friction
piles are used where
there is no reason-
able bearing stratum
and they are driven
until a certain amount of resistance (from skin fric-
tion against the soil) is obtained to counteract the
column load. Piles can be timber, reinforced con-
crete, or steel (with concrete fill).

e. Rafts or Mats: Rein-
forced concrete rafts
or mats can be used
for small, light-load
buildings on very
weak and expansive
clays. These are often
post-tensioned con-
crete. They can also
be used at the bottom
of subbasements of very large buildings where there
are deep mushy soils. Either way, they allow the
building to “float” on or in the soil, like a raft or ship.

e R e T e e I 1
e ]

___ 4.Depths (spread footings) should be at or below frost line
(see App. B,item C):
__ a. NoFreeze 1'-6"

__ b +20°F 2-6"
__ ¢ +I0°F 30"
_d OF 3-6"
e -10°F 40"
__f -20°F 4-6"

___ B.Differential Settlement: 14" to 4"
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__C. CONCRETE MEMBERS
(SIZES AND COSTS) (A" 1 13 (31

See p.168 for span-to-depth ratios.

___ 1. Concrete Substructure

a.

Spread footings

T
Spread footings located under walls and columns
are appropriate for low-rise buildings (one to four
stories) where soil conditions are firm enough to
support the weight of the building on the area of the
spread footings. When needed, footings at columns
can be connected together with grade beams to pro-
vide more lateral stability in earthquakes. Spread
footings are the most widely used type of footing,
especially in mild climates, because they are the
most economical. Depth of footing should be below
topsoil and frost line, on compacted fill (or firm
native soil) but should be above water table.
Concrete spread footings are normally 1’ thick,
but at least as thick as the width of stem wall. Width
is normally twice that of stem wall. Typical column
footings are 4’ square for one-story buildings. Add 1’
for each story up to ten stories.

Approximate cost for a column-spread footing (M and L) with
excavation, backfill, and reinforcing with 3000 psi concrete, 3' x
3',12": $60 to $150/ea.

Approximate cost for a wall-spread (strip) footing (stem wall not
included), 12" x 2' W is $30/LF.

Approximate cost of concrete stem walls: 6” x 4’ high is $49.50/LF.

__ b

Other_foundation systems: As the weight of the
building increases in relation to the bearing capacity
(or depth of good bearing) soil, the footings need to
expand in size or different systems need to be used.
__ (1) For expansive soils with low to medium

loads (or high loads with rock not too far

down), drilled piers (caissons) and grade

285



286 The Architect’s Portable Handbook

beams can be
used. The pier
may be straight
like a column
or “belled” out
to spread the
load at the
bearing level
of soil. The
grade beam is
designed to
resist expansion or compression of the soil
as if it were in the air.

Approximate cost of a 28" deep x 1' wide, 8-KLF load grade beam
spanning 15’ is $65/LF (M and L).
Approximate cost of a2’ x 50’ concrete caisson (3000 psi concrete)
is $2380/each (M and L).
___ (2) Piles: Piles are
long columns that CAP
are driven into the <+
ground. Piles trans-
fer the loads to a
lower, stronger
stratum or can
transfer the load by
friction along the
length of the pile
(skin friction). Piles
are usually grouped
together under a footing (pile cap) of
reinforced concrete. Piles should be at
least 2.5" apart.
Approximate cost of reinforced concrete (3000 psi) PILE CAP
for two piles with a dimension of 6.5" x 3.5' by 1'-8' deep for 45K
load is $460/ea. (M & L).

PLES

Different types of piles, their loads, and approximate costs
(M and L):

___ CIP concrete, end-bearing, 50k, with 12" to 14"
steel shell, 25’ long, $870/ea.

___ Precast concrete, end-bearing, 50k, 10" sq., 50’
long, $655/ea.

___ Steel pipe, end-bearing, 50k, 12" dia., 50’ long,
$2095/ea. O
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___ Steel H Piles, end-bearing, 100k, 50’ long, H
$1540/ea.

___ Steel-step tapered, end-bearing, 50k, 50’ long, O
$880/ea.

___ Treated wood pile, 3 ea. in cluster, end-bearing, o o
50k, 25’ long, $1945/ea. group. o

___ Pressure-injected footings, end-bearing, S0k, 50’
long, $1860/ea.

__ (3) Mat foundations: For poor soil

conditions and tall buildings (10 to 20 sto-
ries) with their overturning moments, a mat
foundation is required. A mat foundation is
a large mass of concrete laid under the
entire building. Mat foundations range
from 4’ to 8’ thick.

Approximate cost: See p. 273.

AR

__ 2. Concrete Superstructure
Concrete slabs

__ (1) Slab-on-grade:

a.

REINFORLING

General rule on
paving slabs is that
depth should be 7 to
% of average annual
frost penetration.
Typical thickness:
Floors 4"
Garage Floors 5"
Terraces 5"
Driveways 6" to 8"
Sidewalks 4"to 6"

Approximate cost of 4” reinforced slab is $3.00 to $3.60/SE.
For rock base see p. 265.

For vapor barrier see p. 365.

For compacted subgrade see p. 238.

For termite treatment see p. 256.

_ (2) Reinforced concrete slabs in the air: For

general span-to-depth ratios, see p. 168.
__ (a) One-way slab
__ Usual spans: 6" to 20’
___ Typical SDR:
20 for simple spans
28 for continuous spans
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___ (b) Two-way flat plate slabs
___ Flat plate
__ Usual spans of 20" to 30'.
__ Usual thickness: 6" to 12"

\ _ Usual maximum ratio of
: long to short side of bay:

1.33.
I __ Typical ratio of span to
A depth: 30.

__Another common rule is to
allow 1” thickness for each
3’ of span.

Approximate costs of $10.55/SF (15’ bays, 40 psf) to $12.95/SF (25’
bays, 125 psf). 25%M and 75%L.

__ (¢) Flat slab with drop panels

__ Usual spans: 25" to 36’

__ Usual thickness: 6" to 12"

__ Usual maximum ratio of long
to short side of bay: 1.33

___ Side of drop panels: +/- % span

___ Typical ratios of span to depth
24 t0 30

Approximate costs of $11.00/SF (15" bays, 40 psf) to $14/SF (35’
bays, 125 psf). 35%M & 65%L.

__ (d) Two-way waffle slabs

__ Longer 2-way spans and heav-
ier load capacity.

__ Usual spans: 25" to 40'.

___ Standard pan sizes: 20" to 30"
square with other sizes avail-
able. Standard pan depths 8" to
20" in 2" increments.

__ Usual maximum ratio of long
to short side of bay is 1.33.

___ Typical ratio of span to depth:
25-30.

Approximate cost of $15.50/SF (20’ bays, 40 psf) to $19.55/SF (40’
bays, 125 psf). 40%M and 60%L.
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___ (e) Precast, prestressed concrete planks

__ Thickness of 6" to 12" in 2"
increments.

___ Spans of 8 to 36'.

__ Span-to-depth ratio of approxi-
mately 30 to 40.

___ 1" to 2" conc. topping often
used for floors.

Approximate cost of $8.65/SF for 6" thick (85% M and 15% L)
with 35% variation higher or lower. Add $0.25 for each added
2". Add $2.40/SF for topping.

__ b. Concrete beams and joists
___ (1) Precast concrete I beams (prestressed)
__ (a) Typical beam thickness of 12" to
16".
___ (b) Spans range from 20’ to 100'.
__ (¢) Approximate ratios of span to
depth of 15 to 25.

Approximate cost of $65.70/LF for 15' span and
$288/LF for 55' span (90% M and 10% L) with varia-
tions of 20% higher or lower.

__ (2) Prestressed T beams (single and double

tees)

___ (a) Typical flange widths of } to % the
effective depth (8’ to 10").

__ (b) Usual spans of 20" to 120".

__ (¢) Approximate ratio of span-to-
depth ratio: 24 to 32.

__ (d) Usually has 1)4" to 2" concrete top-
ping for floors.

Approximate cost of double tee 2’ deep x 8 wide with 35’ to 80’
span is $6.30 to $8.00/SF (90% M and 10% L) with variation of
10% higher or lower.
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___ (3) Concrete beams and joists.
SDR:

simply supported = 16
one end continuous = 185
both ends continuous = 21
cantilever =8

Width should be  to % the total depth.

Approximate cost of P.C. beam, 20’ span is $70.00/LF (70% M
and 30% L). Cost can go 3 times higher with 45’ spans and
heavy loads.

c. Concrete columns
__ (1) Round columns usually 12" minimum.
__ (2) Rectangular: 12 in sq. minimum.
__ (3) Usual minimum rectangular tied columns
10" x 12".
__ (4) Square or round spiral columns: 14”; add 2"

] for each story.
___ (5) Most columns are “short”: maximum height

10 times least cross-section dimension. Typ-
ical column height is 12.5" for multistory
building.

__ (6) Maximum unbraced height for “engi-
neered” long columns: 20 times least cross-
section dimension.

Approximate cost of $55 to $100/LF (30% M and 70% L). Use
lower number for single-story, min. loads, and min. reinforcing.

__d. Concrete walls
__ (1) Wall Thickness
__ (a) Multistory: 8" top 15', add 1” for
each successive 25’ down.
___ (b) Basements: 8" minimum.
——— __ (¢) Nonbearing: Minimum thickness
DRt 6". Maximum ratio of unsupported
height: 25 to 30.
__ (d) Precast wall panels:
Minimum thickness: 5'/2".
Maximum ratio of unbraced length
to thickness: 45.
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Approximate cost of $18.40/SF for 6", reinf. wall (65% M and
35% L) with variation of 35% higher for special finishes. Add
$1.00 per each added inch thickness.

__ (2) “Tilt-up” (on site precast)

__ (a) Height-to-thickness ratio: 40 to 50.

__ (b) Typical heights: 22" to 35'.

__ (c) Typical thickness: 54" to 8".

__ (d) Typical use: Favorable climate,
20,000 SF size building or larger.
Time and material savings can cut
cost = }, depending on height and
area, compared to masonry.

Costs: $8.40 to $14.40/SF (45% M and 55% L), costs can double
for special finishes. Add =~ 30% for concrete columns.
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__ A. MASONRY MATERIALS

__ 1. General: Masonry consists of:
a. Brick

__ (1) Fired

__ (2) Unfired (“adobe”)
b. Concrete block (concrete masonry units or CMU)
c. Stone
__d. Glass block
___ 2. Structural Characteristics

___a. Strength

AVERAGE PHYSICAL PROPERTIES

1C LM TIMATE STRENGTH| ALLOWABLE 3~

EM?FT’;:)L i M?rel) ﬁd\f amm”"’?p'iﬁ'é gé i‘g

- 0 3 - leo EXTR. N

A ks, | o |Reee, [P siom |Reos | #E°K|5eek | § 5|28
ADOBE 2005 30 | & lio
BRICK 2800 800 ', |50 |25 120
C.ML. %00 500 | 300 | 38 11900, 45
STONE 2500 | & 145

b. Load centers on masonry must lie within the center %

of its width.

c¢. Reinforcing: Like concrete, masonry is strong in

compression, but weak in tension. Therefore, steel

reinforcement must usually be added to walls to sim-

ulate columns and beams.

__ (1) Like columns: Vertical bars @ 2’ to 4’ oc.

__ (2) Like beams: “Bond Beams” @ 4’ to 8’ oc.

__ (3) Also, added horizontal wire reinforcement
(ladder or truss type) @ 16" oc. vertically, to
help resist lateral forces and cracking.

__ 3.Bonds

___a. Structural (method of laying units together):

__ (1) Overlapping units.

__ (2) Metal ties (should be galvanized with zinc
coating of 2 oz/SF, or stainless steel). Wire
ties usually @ every 3 SF, or . ..

Metal anchors, usually at 16" oc, vertical
and 24" oc, horizontal.

__ (3) Grout and mortar:

__ (a) Grout: A “soup” of sand, cement,
water, and often pea gravel that
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encases reinforcing bars. Usually
2000 psi comp. strength. Always
poured in cavities with high slump.
Except for adobe brick, the mortar
is considerably weaker than the
bricks or blocks. The mortar is more
elastic amd its joints shrink more.
See p. 273.

(b) Mortar: Stiffer mix of sand, cement,
lime, and water, to bond units
together by trowel work. Types:

N General purpose, medium
strength, for above grade.

M High strength, for high com-
pression, above-grade.

S High strength, for compres-
sion and tension.

O High lime, low strength, eas-
ily workable for veneers not
subject to freezing.

K Low strength, for interiors.

(4) Bond joints
(5) Bond patterns ¢
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__ 4. Control and Expansion Joints
_a. Width

__ (1) Thermal movement. See p. 382. =__
Plus,
__ (2) Movement due to moisture: =
___ (a) Bricks expand; should be
laid wet.
__ (b) Concrete blocks shrink like
concrete; should be laid dry.
Plus,
__ (3) Construction tolerance.
Total width

__ b. Locations

__ (1) Corners

__ (2) Length of walls: 20" to 25’ oc.

__ (3) Offsets, returns, and intersections.

___ (4) Openings:
___ (a) One side of opening, less than 6’ wide.
___ (b) Two sides of opening, greater than

6" wide.

___ (5) Against other materials.

___ 5.Embedments: The best metal today for embedment in
concrete or masonry is stainless steel, followed by bronze,
then brass; however, most structural embedments remain
galvanized steel.

___ ©.Coatings: Must be (see p. 424)
__ (1) “Bridgeable” (seal cracks)
___ (2) Breathable (do not trap vapor)

7. Brick
__a. Types
__ (1) Common (building)
___(2) Face

__ (a) FBX Select
__ (b) FBS Standard
__ (¢) FBA Architectural
__ (3) Clinker
__ (4) Glazed
___(5) Fire
__ (6) Cored
__ (7) Sand-lime (white, yellow)
__ (8) Pavers
___ b. Weatherability
__ (1) NW Negligible weathering; for indoor or
sheltered locations and warm climates.
__ (2) MW Moderate weather locations.
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__ (3) SW Severe weather locations and/or earth
contact as well as cold, wet climates.

c. Positions
STRETHER.

ROWLOK Rovkock
e (P

d. Sizes:

WHW&

%
1eg

(modular brick based on 4" module with %" jt.)

0 R PRIC
OO B XL x H)
N 4

e. Coursing: See p. 301.

0“00

STANDRACO OVELSIZE. THRES INcH
YA x @ x 24" 33«8 x 2% 3"z x 2.94"
MODULAR. BEICK

(DIMENSIONS NOMINAL W% L % H)

N

P oA Pyt B
& =
<

UMBO UnurY TRIPLE
L2V x 4 4" ciz" ¥ & Va"

c'Jumgo
6" % 12" x4

___ &. Concrete Block (CMU)
a.

Negwee,
4 x gzt ¥ 2{;;-:

<=
S

SCR BRCE
&' 2 x 2-U3

& Jvmzo
8" % 12" x 4%

Types: Plain (gray), colored, pavers, special shapes

(such as “slump”), and special surfaces (split faced,

scored, etc.).
b. Size: See p. 302.
c¢. Coursing: See p. 303.
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— CONCRETE BLOCK COURSING
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__ 9.5tone
__a. Type unit

__ (1) Ashlar: Best for strength and stability; is
square-cut on level beds. Joints of 2" to %”.

__ (2) Squared stone (coursed rubble): Next-best
for strength and stability; is fitted less care-
fully than ashlar, but more carefully than
rubble.

__ (3) Rubble: Built with a minimum of dressing,
with joints unevenly coursed, or in a com-
pletely irregular pattern. Stones are lapped
for bond and many stones extend through
wall (when full-width wall) to bond it trans-
versely. If built carefully, with all interstices
completely filled with good cement mortar,
has ample durability for ordinary struc-
tures.

b. Typical materials

__ (1) Limestone

__ (2) Sandstone

__ (3) Quartzite

___ (4) Granite

c¢. Wall types

__ (1) Full width

__ (2) Solid veneer (metal ties to structural wall)

___ (3) Thin veneer (set against mortar bed against
structural wall)

d. Pattern types (see p. 310)
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__B. MASONRY MEMBERS
(SIZES AND COSTS) A (1 (13) (31

See p. 168 for span-to-depth ratios.

__ 1. Concrete Block (CMU)
a. CMU columns
See p. 169 for general rule
of thumb. Max. ht. to thick-
ness ratio = 20. Min. size =
12" x 12",
b. CMU walls
__ (1) Nominal min. thick-
ness: 6"
__ (2) Ratio of unsup-
ported length or ht.
to thickness: 25 to
35

Costs: CMU (Reg. wt., gray, running bond, typ. reinf’g. and grout)

4" walls: $7.20/SF (Typical 25 to 30%M and 75 to
6" walls: $7.80/SF 70%L)

8" walls: $9.00/SF (Variations for special block, such as
12" walls: $11.10/SF glazed, decorative, screen, etc. + 15%
to 150%)

Deduct 30 to 40% for residential work.

___ 2. Brick Masonry
_a. Columns

__ (1) Seep.169 for general rule
of thumb.

__ (2) Usual min. dimension of
12" (sometimes 8"). /

___ (3) Maximum height = 20 x N
least dimensions.

__ (4) If unreinforced = 10 x least dimensions.

Costs: 12" x 12", standard brick: $41.40/VLF (20%M and 80%L).

[

b. Pilasters =~
(1) Usually consid- V ’ é%‘
i

ered when wall |
is 20" high or
more.

307
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__ (2) Typically needed under beams or heavy
trusses.

___ (3) Depth of pilaster: . of wall height.

__ ¢ Brick walls

__ (1) Maximum ratio of
unsupported length
or height to thick-
ness: 20.

__ (2) Reinforced bearing
walls: Nominal
minimum thickness: 6”.

__ (3) Unreinforced bearing wall:

1 story: 6” min. thickness

2 stories: 12" thick

+35": 12" upper 35" and + 4" added to each
35" below

__ (4) Cavity walls: Typical nominal minimum
dimensions of 10" (including 2" air space).

Costs: Standard brick, running bond w/reinforcing (25%M & 75%L)
(Variations of +5%, -20%):

4", single wythe, veneer: $13.20/SF
8", double wythe, cavity-filled: $27.60/SF
12", triple wythe, cavity-filled: $40.80/SF

For other bonds, add 15% to 30%

__d. Brick arches

___ (1) Minor arches:
__ (a) Span: Less than 6’
__ (b) Configuration: All
__ (¢) Load: Less than 1000 PLF
___ (d) Span-to-rise: 0.15 max.

__ (2) Major arches:
__ (a) Span: Over ¢
___ (b) Configuration: Semicircular & par-

abolic

__ (¢) Load: Over 1000 PLF
___ (d) Span-to-rise: greater than 0.15

FIRy TRy TR

CIRCULAR ELLIPTICAL  SEGMENTAL  PARABOLIC POINTED
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[

1

SEMICIRCULAR SEGMENTAL

iy,

JACK PARABOLIC
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[PR——
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__ 3.5tone Masonry
___a. Bearing walls
___ (1) Nominal minimum thick-
ness = 16".
__ (2) Maximum ratio of unsup-
ported length or height to
thickness = 14.
__ b. Nonbearing walls
___ (1) Nominal minimum thick-
ness = 16", veneer = 1'/,"
cut stone, 4" rough.
__ (2) Maximum ratio of unsupported length or
height to thickness = 18.

Costs: 4” veneer (most common): $14.40 to $17.40/SF (40%M and
60%L) (Variation: + 50%)
18" rough stone wall (dry): $52.80/CF (40% and 60%L)
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__ A. METAL MATERIALS

(4) (8) (26)

__ 1. General

RIACURCY

a. Ferrous metals (contains iron)

— M
_®

G
— @

__ (%)
)

Iron: Soft, easily worked, oxidizes rapidly,
susceptible to acid.

Cast iron: Brittle, corrosion-resistant, high-
compressive strength. Used for gratings,
stairs, etc.

Malleable iron: Same as above, but better
workability.

Wrought iron: Soft, corrosion- and fatigue-
resistant, machinable. Used for railings,
grilles, screws, and ornamental items.
Steel: Iron with carbon. Strongest metal.
Used for structural purposes. See p. 316.
Stainless steel: An alloy for max. corrosion
resistance. Used for flashing, handrails,
hardware, connections, and equipment.

___ b. Nonferrous metals (not containing iron)

_
—®

0¥

—®
— O
—(0)

— M
_®

Aluminum: Soft, ductile, high corrosion
resistance, low strength.

Lead: Dense, workable, toxic, corrosion-
resistant. Improved with alloys for hardness
and strength. Used as waterproofing, sound
isolation, and radiation shielding.

Zinc: Corrosion-resistant, brittle, low-
strength. Used in “galvanizing” of other
metals for corrosion resistance for roofing,
flashing, hardware, connections, etc.
Chromium and nickel: Used as alloy for
corrosion-resistant bright “plating.”

Monel: High corrosion resistance. Used for
fasteners and anchors.

Copper: Resistant to corrosion, impact,
and fatigue. Ductile. Used for wiring, roof-
ing, flashing, and piping.

Bronze: An alloy for “plating.”

Brass: Copper with zinc. Used for hard-
ware, handrails, grilles, etc.

___ 2.Corrosion to Metals

___a. Galvanic action, or corrosion, occurs between dis-
similar metals or metals and other metals when suf-
ficient moisture is present to carry an electric

315
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current. The farther apart two metals are on the fol-
lowing list, the greater the corrosion of the more
susceptible one:

Anodic (+): Most susceptible to corrosion
Magnesium
Zinc
Aluminum
Cadmium
Iron/steel
Stainless steel (active)
Soft solders
Tin
Lead
Nickel
Brass
Bronzes
Nickel-copper alloys
Copper
Stainless steel (passive)
Silver solder
Cathodic (-): Least susceptible to corrosion

__b. Metals deteriorate also when in contact with chemi-

cally active materials, particularly when water is
present. Examples include aluminum in contact
with concrete or mortar, and steel in contact with
treated wood.

__ 3.Gauges: See pp. 317 and 318.
___ 4. Structural Steel

a.

General: Steel is stronger and springier than any
major structural material, and its fairly uniform mo-
lecularity makes every member nearly the same as
every other. When extreme stresses deform steel
past its elastic limit, it doesn’t break. However, its
strength lowers rapidly when exposed to fire. The
most commonly used strength grade of steel is 50,000
psi yield strength (grade 50) with some 36,000 psi
(A-36) still available. For heavily loaded members
such as columns, girders, or trusses—where buck-
ling, lateral stability, deflection, or vibration does
not control member selection—higher-yield strength
steels may be economically used. A 50,000 psi yield
strength is most frequently used among high-
strength, low-alloy steels.
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METAL GALUGES
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High-strength, low-alloy steels are available in sev-
eral grades and some possess corrosion resistance
to such a degree that they are classified as “weather-
ing steel.”

Concrete and masonry reinforcing steel (rebar) are
40,000 psi and 60,000 psi. Wire mesh is 60 to 70 ksi.

AVERAGE PHYSICAL PROPERTIES

ELASTIC LIMIT| ULTIMATE STRENGTH] ALLOWABLE WORKING \5§ e

(Poi) (Ps1) UNIT 5TRESS  (P51) 9y %%

. 2| TEN-| ComP. TEN- | COMPA R | 2915 %

MR e o | Sron | REe A% Gion [keca|HER Feek| S31%8
CAGT IRON 25000 | 75000 |20000 000 reoco, | 450
WROUGHT IRON | 25000 {25000 142,000 148000 |40000 |12000 |12000 8000 (12000 282!)‘,_‘| 485
STEEL A36]26000]%6000 | 70000 | 70000 |55000| 22000 | 20000 | 14500 | 24000 |2 490
AUM 2HLY 135000 28000 [a0c00 | 15000 V2000 10000, | 170

Economy: The weight of structural steel per SF of

floor area increases with bay size, as does the depth

of the structure. Cost of steel may not rise as rapidly
as weight, if savings can be realized by reducing the
number of pieces to be fabricated and erected.

Improved space utilization afforded by larger bay

sizes is offset by increases in wall area and building

volume resulting from increased structure depth.

Steel frame economy can be improved by incorpo-
rating as many of the following cost-reducing factors
into the structure layout and design as architectural
requirements permit.

__ (1) Keep columns in line in both directions and
avoid offsets or omission of columns.

__ (2) Design for maximum repetition of member
sizes within each level and from floor to floor.

__ (3) Reduce the number of beams and girders
per level to reduce fabrication and erection
time and cost.

___ (4) Maximize the use of simple beam connec-
tions by bracing the structure at a limited
number of moment-resisting bents or by the
most efficient method, cross-bracing.

___ (5) Utilize high-strength steels for columns and
floor members where studies indicate that
cost can be reduced while meeting other
design parameters.
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)

— M

Use composite design, but consider effect
of in-slab electric raceways or other discon-
tinuities.

Consider open-web steel joists, especially
for large roofs of one-story structures, and
for floor framing in many applications.

The weight of steel for roofs or lightly
loaded floors is generally least when long
beams and short girders are used. For heav-
ier loadings, long girders and short filler
beams should result in less steel weight. The
most economical framing type (composite;
noncomposite, simple spans, etc.) and
arrangement must be determined for each
structure, considering such factors as struc-
ture depth, building volume, wall area,
mechanical system requirements, deflec-
tion or vibration limitations, wind or seis-
mic load interaction between floor system,
and columns or shear walls.

c¢. Composite construction combines two different

materials or two different grades of a material to
form a structural member that utilizes the most
desirable properties of each materials.

— M

_ @

Composite systems currently used in build-
ing construction include:

__ (a) Concrete-topped composite steel
decks

___(b) Steel beams acting compositely
with concrete slabs

__ (c) Steel columns encased by or filled
with concrete

__ (d) Open-web joists of wood and steel
or joists with plywood webs and
wood chords

___ (e) Trusses combining wood and steel

___ (f) Hybrid girders utilizing steel of dif-
ferent strengths

__ (g) Cast-in-place concrete slabs on
precast concrete joists or beams

To make two different materials act com-
positely as one unit, they must be joined at
their interface by one or a combination of
these means:
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___ (a) Chemical bonding (concrete)

__ (b) Gluing (plywood, glulam)

__ (¢) Welding (steel, aluminum)

___ (d) Screws (sheet metal, wood)

__ (e) Bolts (steel, wood)

___ (N Shear studs (steel to concrete)

__ (g) Keys or embossments (steel deck
to concrete, concrete to concrete)
___ (h) Dowels (concrete to concrete)

__ (i) Friction (positive clamping force
must be present)

Individual elements of the composite
unit must be securely fastened to prevent
slippage with respect to one another.

__d. Shapes and designations

TICvwroo

WIPE FLANGE 1eeaMm CHANNEL ANGLE ZEE TUBE PIPE
w 5 (o3 L z TS
BEAM
W 26 » 2008 20MLE
CEPTH IN INCHES>
WIZE FLANGE
__e. Open-web steel joists
_ (1) Types
1 BEARINGS
TYPE  |ESIGNATION DEPTHS | SPANS
* MeeonRrY CoNC. | oTeEL |epTH
ECONOMY | K SEriES [8'T030" | 8' -6 |4-6" | 4 | 22" |2%"
LONG SPAN  [LH sERiES |18'T0 42 | 25'- 96! o] e-a* | 4 2
V6aP Lore S7AN DLW ceries | 52" To 12* | 84! - 144

* IN 2 INCH INCREMENTS
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___ (2) Joist designation

25 LK 10 ¢—ctoro

TYPE OF STEEL.

LONG SPAN
NOMINAL. DEPTH

__ (3) Use K Series for roofs, short spans, or light

loads.

___ (4) Use LH Series for floors, longer spans, or
heavier loads. Use DHL Series for longer

spans.

__ (5 Horizontal or diagonal bridging is required
to prevent lateral movement of top and bot-
tom chords, usually from 10 to 15 oc.

___ (6) Overhangs can be created by extending top

chords (up to 5'6").
__ f Steel decking
__ (1) Types:

RipED
(R)

FORM
)

Hi-FORM
(H

CORRUGATE.D I~
(4%

DOVETALL RIE&ED

(vR) .

COMPOSITE
(PR, PF, PH)

CELLULAR
(R,F, H, PRV, PH)
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___ (2) Fire rating usually dictates thickness.

Total w/conc. Deck Span

27" to5" 1" 2" to 6
4" to 6" 12" 6'to 12
57" to 77" 3" 9" to 16'

__ (3) Gauges: 16, 18,20,22

___ (4) For shorter spans, usually 8, plain roof
decks with rigid insulation on top are often
used. For this type:

___ (a) Small openings up to 6" sq. may be
cut without reinforcing. Larger
openings require steel framing.

___ (b) Roof-mounted equipment cannot
be placed directly on deck, but
must be supported on structure
below.

__ g Structural connections
__ (1) Rivets (hardly used anymore)

__ (2) Bolts
__ (3) Welds
VERTICAL- HORIZONTAL
FLAT
EDEE WeLD
FILLET WELD S FLAT
FLAT (e
-
-
I L— LAP WELD Pt WELD PouBLE. BUTT

BUTT WELD OVERHEAD WELD
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BPASIC WELD SYMBOLS

BACK | FILET [PLUG OR | GROOVE BUTT IonTe PLARE | FLARE
WELD | WELW |50 jequare| Vv |eevel| o J VvV | mever

Nl IV IYIPY| I

SUPPLEMENTARY &Y MEOL‘)

BACKING | GPACER JWELDALL ARDUND | FIELD WELD CONVEX

== O S i R

FINISH SYMROL GROOVE ANGAE OR INCLYDED
oo ﬁvﬂwh,\\ ANGLE OF COUNTERSINK FoR.
coT ———— Ple WELDS
O e Pro \ E 1 LENGTH OF WELD IN INCHES

AND BLOT WELDS 7y PricH (¢ To ¢ SPACING) OF
EFFECTIVE THROAT. { | WBWDS IN INCHES
DEPTH OF PREPARATION R FIELO WEW Mool
OR &iZE IN INCHES { s

WD Al ARDUND $YMBOL-
SPECICATION PROCESS
OR OTHER REPER aica_\

Rarsmu& 15 NoT usaa) / S
REFERENCE Link % i
L WELD DEVKE [
\'MBAL OF DeTaL

ARROW COMMBLTS REFERENCE LINE TO
ARROW SIDE OF JOINT USE BROKEN LINES

THESE mﬂt‘j OF vlw SYBoL ALWAYS SHOWN T 5!6"(1!‘1 THAT ARROW ¥ POINTING
THE. SAME DIRBCTION REGARDLESS TO THE GROON MEMPER IN BEVEL OR,
OF WHICH DIRECTION THE ARROW 15 PaillTing 4 Gan!‘-v _Iom-r\e

__ 5. Light Metal Framing

___a. Joists
__ (1) Makes an

economical é
floor system &

for light

loading and
spans up to
32

__ (2) Depths: 6",
8",9",10",
12"

__ (3) Spacings:
16",24", 48"
oc

__ (4 Gauges: 12
through 18
(light = 20-25 GA; structural = 18-12 GA)

__ (5) Bridging, usually 5" to 8" oc

__ b. Studs

__ (1) Sizes
_ (a) Widths: %", 1", 1%", 14", 2"

__ (b) Depths: 22", 3%",4",6", 8"

o= i om—
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__ (2) Gauges: 14,15, 16, 18,20
__ (3) Spacings: 12”,16",24" oc
___ 6.Miscellaneous Metals

_a. Nails
_ (1) Size:
Penny Gauge Length
2 15 1"
14 14"
4 12 14"
5 12 14"
6 11% 2"
7 11% 254"
8 10% 20"
9 10% 2%"
10 9 3"
12 9 34"
16 8 30"
20 6 4"
30 5 4"
40 4 5"
50 3 50"
60 2 6"

Rule of thumb: Use nail with length 3x
thickness of board being secured.
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__ (2) Types

u COMMON NAIL. (REAT HOLOING POWBE. THE. TO LALGE HEAD,
L. WHERE NOT SEEN.

BOX NAIL SIMILAR TO COMMON BIT SLIMMER SHANK .

EAGILY BENT VT LESS LIKLEY T £PLIT WOOU,

FINIGHING NAIL. SMALL HEAD PERMITS IT To BE COUWTER -
SUNK. TO CREATE FINIGHEDY APPEARANCE..

AN K.
Bosi

CAGING NAIL. A FINKGH NAIL BUT W/ THICKER
MORE ANGULAR, HEAD FoR FLOORING
CAGINGS.
ROOFING NAIL MADE. WITH A WIDE. HEAD AND USUALLY
GALVANIZED, DIFFERENT TYPES BAED &N
TYPE ROFING-

MASONRY NAIL. CAGE. - HARDENED W/ AFLUTEP SHANK
- T~ FOR V4t IN FASTENING WOD TO cone.

OR MASONRY .

DRYWALL NAIL. COATED W/ CEMENT W/ A SFBCIAL-
ZEAD FOR RECEALING BELOW DRYWALL
RFACE..

(D= ——=SS——
BRAU A SMALL FINKHING NAIL FOR SMalll TRIM.



_b. Screws and bolts

SR

FLAT HEAD WooD £CREW

FOR FAGTENING WOOP ToweoD

% OVAL HEAD WOOD &CREW

W/ DECORATNE HEAD

(I

ROUND HEAD WooD &CREW,
WAGHER.

WED W/

SHEET METAL £XReEW
FOR THIN METAL

OVEN HEAD MACHINE. &cdew
(OLOER. DeGieN)

OVAL HEAD MACHINE ZReW
(ATTRACTIVE)

&

FILLISTER HEAD CAP “cREW
(6Mal. , HTRONG HEADED)

I

SAME A ABOVE
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T

LAG BoLt
FOR HEAVY LOADS IN WOOD

] CARRIAGE @

POLT © Wil NOT TURN

HEX HEAD E

POLT Fok HEAVY LoARS

T

BOLT RERACED BY HEXHEAD

Rounp Heao oL
(ooBR DEASN,

STove E@

W/ RusH HEAD

£5TEP BOLT |
(Bovr WoNT TURN)

5

BoLT Fok- SAEEL TO STEEL
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___ ¢ Timber connectors (see p. 353 for costs)

PooT BEAM (AP
FoR P57 TO
a ) PEAM.
U Post mase ¥R —
Vo4t 0 CoNCRETE A ° o
st 0o o0 ©
A o o
— o 0 ©
A o 0
- o o ©
- ° o
L 2 0 o
MULTIAURFSE. STAIL ANGLE TRUsS, PLATE. FOR
FRAMING ANCHOR, SUPPBETS ST TRS CONNECTORS
)
o
L]
A
o o
o L]
o 0
o L]
[ 0
o
] L)
HEAVY DUTY JoeT SUPFDRT Jloist eyrroer o 4N
o 01T 0 Herpel (doier 1o HEA0ER) of ilefa
6 ofo
O NP (3)
Q> ! TRV MAKSEL. FR
FlooR TR TO
B HEACER

>

HEAVY DUTY OVERHANG OVERIHANG 01T SUPRORT JoIsT ANGLE FoL
FOR JoioT To HEAPER FOR 101ST 10 HEADER L0177 To HEADER.

Notes: Numbers in parentheses below, with corresponding uses, refer to
connectors illustrated above.
(1) Individual post base supports in concrete foundations.
(2) Truss or joist to plate and stud to plate, every other member
(every member in high-wind regions).
(3) For hanging a beam from a truss or deep beam, above.
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PURLN UADGER. Fol.
PVRUK To RAFTER

HEAWY- DVTY LoisT
SUPPORT
(PecorATVE BUAL)

74
WRAPAROUND Quicks™P STRAP TE TRUSS SPacer.
PRALE PoR FOR DIAGONAL TOTIE RAFRR To LOCATE:
ZAGONA L BRACING ToRS TRWA TOFS

RACING

< 0o

o
L 1) (ﬁ)
Hurgicane Tig FR P
RAFTEL T0 TOPRATE.. R
e
U %
STUD SHoe © FENCE BRACKET PrROoTECTIoN

Ly wcor cte

ReINFolces PIFE CUT FOR RAW, To 5T PLATE FOR WIRING  FoR® GHEATH ING-

(4) High lateral wall braces used mainly for erection bracing at each
corner.

(5) To hold sill in place at each corner and every 4’ to 6’ o.c.

(6) Can be used for pitched joist to wall or plate.
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__B. STEEL MEMBERS (SIZES AND COSTS)
(a) (1) (13 (31 (36)

See p. 168 for span-to-depth ratios.

___ 1. General Costs: Steel framing for 1-story building:
$13.20/SF to $16.80/SF
For 2- to 6-story: +$1.35/SF

__ 2.Light Steel Construction
__a. Stud walls

__ (1) Widths of 1%,
205", 3%", 4",
and 6”.

__ (2) Maximum
heights range
from 9" to 16'.

__ (3) Available in
load-bearing
(LB),14 GA to
20 GA, and
non-load-bear-
ing (NLB), 26 GA to 14 GA.

Costs: 3%" studs, LB, 16" oc: $2.25 /SF wall area (20%M and 80%L)

Deduct or add 10% for each increment of size.
For 24" oc: -25%
For 12" oc: +25%
For NLB (25 GA): -30%

__ b. Joists

_ (1) Span15'to 30"

_(2) See p. 169 for rule of
thumb on span-to-depth
ratio.

__ (3) Typical savings of 16" to
24" oc.

Costs: 8" deep, 16" oc, 40 psf, 15’ span: $3.85/SF floor

Add 15% for each added 5’ span up to 25'.
For 30’ span, add 75%.
24" oc, about same cost.

___ ¢ Steel pipe and tube columns
_ (1) Minimum pipe diameter:
3%". Minimum tube size:
3" sq.

331
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__ (2) In general, assuming normal load condi-
tions, the minimum diameter in inches can
be estimated by multiplying the height in
feet by 0.33.

Costs: 3" dia. or 3" sq., 10’ unsupported height: $18/LF (55%M and
45%L). Cost can go up to double as load, height, and size
(up to 8") increase.
__ 3.Heavy Steel Construction
__a. Steel decking
__ (1) For roofs, depths range p
from 12" to 3", for spans /
of 6' to 18'.
__(2) For floors, depths range
from 172" to 3" for spans of
7' to 12"
__ (3) For cellular steel floors:
Thickness: 4" to 7/2"
Spans: 8’ to 16
__ (4) Gauges range from 24 to 18 in increments
of 2.

Costs: 172", 22 GA, galvanized, non-composite roof deck: $1.30/SF
(60%M and 40%L). Add $0.25 for each jump in heavier
gauge to 16 GA.

1%4", 18 GA, galvanized, cellular floor deck: $6.00/SF
(85%M and 15%L). $7.00 for 3". $10.60 for 4'>".

4" concrete on 1%, 22 GA deck, 6' span, 125 psf: $3.95/SF
(45%M and 55%L). Add 4% for each added foot in span up
to 10",

__ b. Open-web joists

__ (1) Span range: 8 to 48, up to
145’ for long-span joist.

___ (2) Spacings: 4' to 8 at floors, 8' at
roofs.

__ (3) Manufactured in 2" incre-
ments from 8” to 30" deep and
18" to 72" for long-span type.

___ (4) Range of span-to-depth ratios:
19 to 24.

__ (5) Designations: Economy K
Series, long-span LH Series,
and deep, long-span DLH Series.

Costs: K Series: $8.40 to $10.20/LF (50%M and 50%1L)
LH Series: $13.80 to $30/LF
DLH $21.60 to $55/LF
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__ ¢ Steel beams

_
— @
— 03

— ¥

—®

Usual spans of 10" to 60'.

Typical bay sizes of 30’ to 40'.

For roof beams, depth of beam

in inches can be estimated at

0.5 times the span in feet.

For floor beams, depth of

beam in inches can be esti-

mated at 0.6 times the span in feet.

Steel plate girders: Spans range from 60’ to
100’, with approximate span-to-depth ratio
of 14.

Typical costs for steel beams: $2160 to $2640 per ton (50% M and
50% L). For small projects use larger costs. For large projects
(over 4 stories) use smaller costs.

Use the following table to help estimate weight from depth esti-
mated in item 3 or 4, above.

Beam depth Roof Floor
) (Ib/LF) (Ib/LF)
8 18 24
10 22 26
12 26 30
14 30 38
16 36 45
18 40 50
21 55 62
24 62 76
27 84 94

Table based on minimum roof live load of 20 psf.
Add 15-25% more weight for snow, etc. For girders,
add 25%.

_d. Steel columns

— M
_®

—

See p. 169 for span-to-depth

ratio.

In general, the 6 and 8 W

columns carry most light-

weight, low-rise construction.

The 10, 12, and 14 W

columns have capacities in

various weights, to handle a large variation
of extremes in lengths and loads.
Maximum stock size in length is 40'. Col-
umn length in high-rise is 25'.
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__ (4) Safe loads for normal single-story heights
can be related to the weights of steel sec-
tions. For lightweight sections, the safe load
in kips equals approximately 4 times the
weight of the section per foot. For heavy-
weight sections the safe load equals approx-
imately 5 times the weight of the steel
section per foot.

Costs: See floor beams, above, and increase weight by 30%.

__ e Steel trusses (see p. 164)

__ (1) Flator arched steel trusses
Spans: 30" to 220’
Span-to-depth ratio: 10 to 12
Spacings: 12’ to 20'.

__ (2) Triangular steel trusses
Spans: 30" to 150’
Span-to-depth ratios: 2.5 to 4.5
Spacings: 12" to 20'".

Costs: $85 to $180/LF (70%M and 30%L)

__ 4. Space Frames
a. Spans: In theory

are unlimited, but
in reality are lim-
ited by thermal
expansion. Typical
spans are 30" to
120’, with can-
tilevers of 15% to
30% of span.
b. Span-to-depth
ratios:
Roof
Column support: 18
Edge support: 20 to 25
Floor: 16 to 20 (not usually used for floors).
___ ¢ Modules: Depth to width of 1:3 to 7:10.

Costs: $25 to $45/SF (65%M and 35%L)
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EXAMPLE ©
PROBLEM - OKETCH VP A RovsH
P PEACN 4 ESTIMATE oF
R o1, oL, (O FOR A 3C6'x 26
, . e AT FlOR. SETEM FR
) W pec.  STEEL CONSTRUCTION.
4} APwve
A— 47U
¥ GRS METAL Dedic
! ! |%I ! Il —_—
e—-—22

STEEL GIRPER ————

STEEL
COLYMN
SOLUTION®
A SlZE
I FLOOR. (P, 331)3 UsE 4 calc, 0N T4, 12 eh. pe ek
W G'GPANG, BM.ToBM., DeptH: 4"+ 14" = "

2.PEAMS © (P.3%3), PePTH: 0.6 ¥ 34 = 21k, 5a7 21"
3, GIRDERS: ( 7.333),0ePTH " To %6'3 14 = B sat 77"
4. CLOWMNSG: (P.2333), 1zE - 12's 24205  5A1 &'W

B cosTZ
I FLOOR 3 4"Conc. on 19" MeT. pack W/ &' <kan % 43712
2. BEAMS:
2"z G2 *he ¥ Tea ¥ 26 oman = 15624
15 624% % 200000 * $2200/108 = 26' x56' £ $1322
3, CARDEZS 3
27"= 84* %125 (F.333) X 4en X 20 =
15120% + 2000% PN *$2200/wn + B0 26 & $ 1282
4, COLUMNS ¢
2"z 24 %/ ¥ .H(P333) X 4pp v 12! =
14-98% = 2000%n ¥ $2200/10 = 36'x 26y 4 122
33132 /oF
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__ A. WOOD MATERIALS

(A5 05 (16) 17 (26 (41) 50, (60)

~

__ 1. General (Note: See p. 350 for species table. See pp.
326-329 for nails and connectors.)
a.

Two general types of wood are used in buildings:
__ (1) Softwood (from evergreen trees) for gen-
eral construction
__ (2) Hardwood (from deciduous trees) for fur-
nishings and finishes

Moisture and shrinkage: The amount of water in
wood is expressed as a percentage of its oven-dry
(dry as possible) weight. As wood dries, it first loses
moisture from within the cells without shrinking;
after reaching the fiber saturation point (dry cell),
further drying results in shrinkage. Eventually wood
comes to dynamic equilibrium with the relative
humidity of the surrounding air. Interior wood typi-
cally shrinks in winter and swells in summer. Aver-
age equilibrium moisture content ranges from 6%
to 11%, but wood is considered dry enough for use
at 12% to 15%. The loss of moisture during season-
ing causes wood to become harder, stronger, stiffer,
and lighter in weight. Wood is most decay-resistant
when moisture content is under 20%.

_ 2.Lumber
__a

DEFECT END VEW

BOW

Sizes
__ (1) Sectional

Nominal sizes To get actual sizes

2x’s up to 8x’s deduct "
8x’s and larger deduct %"

__ (2) Lengths
__ (a) Softwoods: cut to lengths of 6' to
24' in 2" increments
__ (b) Hardwoods: cut to 1'-long incre-
ments
Economy: best achieved when layouts are within a
2'- or 4'-module, with subdivisions of 12", 16", 24",
and 48"
Defects

LONG VIEW

== ——— —

339
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__d. Grades

__ (1) Factory or shop-type lumber: used primarily
for remanufacturing purposes (doors, win-
dows, millwork, etc.).
__ (2) Yard-type lumber
__ (a) Boards:
_ 1" to 12" thick, 2" and wider
__ Graded for appearance only
_ Used as siding, subflooring,
trim

___ (b) Dimensioned lumber:
_ 2" to 4" thick, 2" and wider
__ Graded for strength (stress gr.)
__ Used for general construction



Wood Materials 341

__ Light framing: 2" to 4" wide
__ Joists and planks: 6” and wider
___ Decking: 4" and wider (select
and commercial).
__ (¢) Timbers:
__ 5" x5"and larger
__ Graded for strength and ser-
viceability
___ May be classified as “struc-
tural.”
_ (3) Structural grades (in descending order,
according to stress grade):
___ (a) Light framing: Construction, Stan-
dard, and Utility
___ (b) Structural light framing (joists,
planks): Select Structural, No. 1, 2,
or 3 (some species may also be
appearance-graded for exposed
work).
__ (c¢) Timber: Select Structural No. 1.
Note: Working stress values can be
assigned to each of the grades according to
the species of wood.
___ (4) Appearance grades
___ (a) For natural finishes: Select A or B.
__ (b) For paint finishes: Select C or D.
__ (c¢) For general construction and util-
ity: Common, Nos. I thru 5.
Pressure-treated wood (wood preservative): Soft-
wood lumber treated by a process that forces preser-
vative chemicals into the cells of the wood. The result
is a material that is immune to decay. This should not
generally be used for interiors. Where required:
__ (1) Indirect contact with earth
__ (2) Floor joists less than 18" (or girders less
than 12") from the ground
___ (3) Plates, sills, or sleepers in contact with con-
crete or masonry
___ (4) Posts exposed to weather or in basements
___(5) Ends of beams entering concrete or ma-
sonry, without %>" air space
__ (6) Wood located less than 6" from earth
___ (7) Wood structural members supporting mois-
ture-permeable floors or roofs, exposed to
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weather, unless separated by an impervious
moisture barrier
___ (8) Wood retaining walls or crib walls
___(9) For exterior construction such as stairs and
railings, in geographic areas where experi-
ence has demonstrated the need
Fire-retardant-treated (FRT) wood: Heavy timber
(thick timber) is generally assumed to be resistive
because it produces a charred surface when burned,
which retards further burning. Smaller wood mem-
bers can be fire protected by coverings, coatings,
and treatments. Modern fire-retardant treatment
of wood consists of various organic and inorganic
chemicals, followed by kiln drying to reduce
moisture to 15 to 19%. All proprietary FRTs must
conform to UL classifications. See p. 445 for fire-
proofing.
Framing-estimating rules of thumb: For 16-inch oc
stud partitions, estimate one stud for every LF of
wall, then add for top and bottom plates. For any
type of framing, the quantity of basic framing mem-
bers (in LF) can be determined based on spacing
and surface area (SF):

12 inches oc 1.2 LF/SF
16 inches oc 1.0 LF/SF
24 inches oc 0.8 LF/SF

(Doubled-up members, bands, plates, framed open-
ings, etc., must be added.) For cost of framing acces-
sories and connectors, see p. 353. Estimating lumber
can be done in board feet where one BF is the
amount of lumber in a rough-sawed board one foot
long, one foot wide, and one inch thick (144 cubic
inches) or the equivalent volume in any other shape.
As an example, one hundred one-inch by 12-inch
dressed boards, 16 feet long, contain:

100 x 1 x 12 x 16/12 = 1600 BF



Wood Materials 343

Use the following table to help estimate board

feet:
BF per SF of surface
12-inch oc 16-inch oc 24-inch oc
2 x4s 0.8 0.67 0.54
2 x 6s 1.2 1.0 0.8
2 x 8s 1.6 1.33 1.06
2 x 10s 2.0 1.67 1.34
2 x12s 2.4 2.0 1.6
_ 3. Details
__a. Walls:
INGIOE WALL To Wi Tocl' G

OUTEITE WAL

o

WINDOW ROUGH OPENING INGIDE WALL TO WA TOCVG
OVTSIVE WALL

) )

OUTHI\DE CORNEZ OUT&IDE CORNEL OUTEADE COR.

R
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b. Roofs:

HIP ROOF

GABLE ROGF

FLAT ROOF

GAMBREL ROOF

LANSARD ROOF

INTERSECTING ROOF

SHED ROOF

GABLE ROOF WITHH OVERMHANG

2=

SMALL SHED DORMER

BAY WINDOW

HIF GABLE ROOK
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__ 4. Laminated Lumber
__a. Laminated timber
(glu-lam beams): For
large structural mem-
bers, these are prefer-
able to solid timber in
terms of finished
dressed appearance,
weather resistance,
controlled moisture
content, and size avail-
ability. See p. 355.
b. Sheathing Panels
__ (1) Composites: veneer faces bonded to recon-
stituted wood cores
__ (2) Nonveneered panels:
__ (a) Oriented Strand Board (OSB).
___ (b) Particle Board
__ (3) Plywood
__ (a) Two main types
___ Exterior grade

; éﬁé%ﬁf\%‘é‘é%ﬁéé‘éﬁé%\f __ Made with waterproof adhe-
AL A P, sive
THICKNESS, __ C-grade face or better
OV0 NUMBER. OF PLIER, __ For permanent exterior use
GRAIN VIRELTION SAME ___ Interior grade
FOR. FACE. ANP PACK __ Made with water-resistant
PLIES (LONGITUDINAL). adhesives

__ D-grade face or better
___ (b) Grading according to face veneers
__ N All heartwood or all sap-
wood (for natural finish)
__ A Smooth paint grade
B Solid smooth surface
__ C Sheathing grade (lowest
grade for exterior use)
__ D Lowest grade of interior
plywood
__ (¢) Engineered grades:
_ Structural I and 11, Standard,
and C-C Exterior
___ Span identification index
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N LEFT HAND NUMBER FOR ROOF SUPPORTS
32/6

RIGHT HAND NUMBER FOR FLOOR SUPPORTS

__ (d) Thickness: 3 ply =4, %
Sply =", %%
7ply =%, 1, 1}, and
1% inch
Use a minimum of %" or %" where
there are snow loads.
__ (e) Size sheets: 4’ (or 5") x 8 (or 12')
__ 5. Structural Wood
___a. Strengths

AVERAGE PHYSICAL PROPERTIES

ELASTIC LIMIT| ULTIMATE STRENGTH] ALLOWABLE WORKING %’Q‘ e
(rPo1) (P21) UNIT STREGS  (P2)) Wy \ID‘;-
- Slag
MATERIAL |TEN- [COMP | TEN-[cOMP TEN- |OMP |50, JECR N 8 3 |1
510N |RESS, | 10N |rEES. [HEAR] S0 |RESS eAERIE
PARALLEL
000 1200 { | 100 12000 | 40
O ERAIN 0000|3000 |I0000] 8 500 oco 12co x
PERPENP 1CU-
AR 0 GRAW 3000 300 | 400

__ b. Wood shrinks across grain much more than parallel
to grain. Avoid locking nonshrinking materials to
wood.

SHRINKAGE
P —
,4&5 0] iowe o
%‘ O SHRINK

__ ¢ Wood is much weaker across grain than parallel to
grain in both tension and compression. A cross-
grain angle greater than 1 in 10 seriously weakens
the wood in bending.
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—

NOTCH PUTS TENSION
ACROSS GRAIN

d. Wood beams deflect or sag more under long-term
loads than they do at the beginning. Long-term sag
is about 1% to twice beginning sag.

e. Wood beams may be weak in resistance to horizon-
tal shear. Since this shear is closest to beam sup-
ports, holes through wood beams should be avoided
near supports. Notches on the ends of joists should
not exceed 7 the depth. Holes bored in joists should
not be within 2” of top or bottom and their diameter
should not be greater than % depth. Notches at top
and bottom should not exceed % depth and should
not be in middle % of span. Holes bored in studs
should not be greater than 40% (60% if studs dou-
bled) and should not be closer to the edge than %".

___ ©.Finish Wood (Interior Hardwood Plywoods)
__a. Sizes
__ (1) Thicknesses: %" to 1" in %" and %" incre-
ments
__ (2) Widths: 18, 24, 32, 36, 48 inches
__ (3) Lengths: 4,5,6,7,8, 10 feet
___b. Types
__ (1) Technical: fully waterproof bond
__ (2) Type I (exterior): fully waterproof bond/
weather- and fungus-resistant
__ (3) Type II (interior): water-resistant bond
___ (4) Type III (interior): moisture-resistant bond
c¢. Grades
__ (1) Premium 1: very slight imperfections
__ (2) Good 1: suitable for natural finishes
___ (3) Sound 2: suitable for painted finishes
__ (4) Utility 3: may have open defects
__ (5) Backing 4: may have many flaws
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Grains and patterns
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__B. WOOD MEMBERS (SIZES AND COSTS)
(a)(1) 13 (160 (31

__ 1. General: See p. 168 for span-to-depth ratios.

Costs:

Rough lumber costs by board feet:

Studs $0.65/BF
Posts $0.70/BF
Joists $0.70/BF

Beams (Doug. Fir) $0.85/BF

Note: The above are material costs only. Total in-place cost
may be estimated by doubling the above numbers.

Note: As a general rule, add 5% to 10%
to framing costs for connections. Use the
higher % for seismic zones.

. Light-Frame Construction

_a. Stud walls: Usually 2 x 4s or 2 x
6s at 16" oc or 24" oc with one
bottom and two 2x top plates.

2 x 4s at 24"oc: $1.20/SF (50% M and
50% L) with variation of +10%. Add
30% for each spacing jump (i.e., 16" and
12" oc).

2 x 6s at 24"oc: $1.60/SF (M, L, variation,
and spacing, same as above).

__b. Roofjoists and
rafters: Rule of

thumb for roof
joists, rafters, and
ceiling joists:
Quick estimates
of joist depths in
inches can be
made by multi-
plying span in
feet by:

0.45 for ceiling
joists

0.5 for roof
joists
Usual spacing: 24" oc.

For more precise sizing, see p. 358.
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Costs: 2 x 6s at 24"oc: $1.90/SF (50% M and 50% L), variation of
+ 10%. Add 30% for each spacing increase (i.e., 16" and
12"0c. 2 x 8s: $2.35/SF. 2 x 10s: $2.65/SF. 2 x 12s: $3.25/SF.

Ceiling joists: + 8%

___ ¢ Floor joists
__ (1) Seep. 168 for

general rule
span-to-depth
ratio.

__ (2) Usual span
range: 8' to 24'.

___ (3) Usual spacing:
16" oc.

___ (4) For more pre-
cise sizing, see
p- 358.

Costs: 2 x 6s at 24" oc: $1.85/SF (50%M and 50%1L).
16" oc: $2.40/SF.
12" oc: $2.55/SF.

2 x 8 @ 24: $2.35/SF
2 x 10 @ 24: $2.65/SF
2 x 12 @ 24: $3.25/SF

__ 3.Heavy Timber Construction
___a. Wood beams
__ (1) Solid wood beams
__ (@) Minimum size of
4x6

___ (b) Thickness range:
2" to 14"

__ (¢) Spacing range: 4'
to 20"

__ (d) Approximate
span-to-depth
ratios: 16 to 20.

__ (2) Solid wood girders: Commonly used span-
to-depth ratio for girders with concentrated
load is 72. Width will be 3/4 to 1/2 of depth.
To estimate depth in inches, multiply span
in feet by 1.

Approximate cost range from $4.90/LF for 4 x 8s to $7.50/LF for

4 x 12s. $7.75/LF for 6 x 8s to $11.50/LF for 6 x 12s (65% M and
35% L).
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_b. Glu-lam beams

__ (1) Minimum depth of 9".
___(2) Usual span range: 16’ to
100’ for roofs and 14’ to

40’ for floors.
__ (3) Spacing: 8' to 30'.

___ (4) Thickness range from 3%"

to 10%".

___ (5) Approximate span-to-
depth ratio: 16 to 20.

___ (6) Ratio of depth to width is about 2 to 1 for
light beams and 3 to 1 for large members.

__ (7) Depth varies in 172" increments.
Approximate costs: Douglas fir, industrial grade:

3%" x 6": $5.15/LF (45%M and 55%L). Add $2.70 for each

3" depth to 18".

32" x 9": $10.90/LF (90%M and 10%L). Add $2.15 for each

3" to 15",

5%" x 6": $7.80/LF (50%M and 50%L). Add $4.10 for each

3" depth to 24".

5%" x 9": $14.50/LF. Add $4.15 for each 3" to 15".

6%" x 12": $20.65/LF (75%M and
25%L). Add $5.75 for each 3" depth
to 24".

5%" x 24": $36.15/LF

For architectural grade, add 20%.
For prestain, add 10%.

__ ¢ Columns and posts: The
ratios of unbraced length to

least thickness of most types
range from 10 to 30 with
20 a good average.

Approximate costs of $4.65/LF for 4 x 4 to $8.40/LF for 6 x 6

(same M and L ratios as beams).



356 The Architect’s Portable Handbook

_d. Wood deckin
~_ (1) Thickness: 2" i,
to 4"

__ (2) Span-to-depth

ratio: 25 to 48

__(3) Spans:4'to &

Approximate costs of $4.80/SF for 3" fir to $9.60/SF for 4" cedar
(70% to 90% M, 30% to 10% L).

__ 4. Trusses
__a. Light frame trusses
_ (1) Usually2' oc
__ (2) Roof span-to-depth ratio: 15-20
___ (3) Floor span-to-depth ratio: 12 to 15
__ (4) Usual spans 30" to 60’

Approximate cost range: Fink truss, 2 x 4s, 3 to 12 slope, 24’ span:
$120/each (55% M and 45% L).

King post, 2 x 4s, 4 to 12 slope, 42’ span:
$215/each (75% M and 25% L).
__ b. Heavy wood trusses
__ (1) Flat trusses
__ (a) Typical range
of spans: 40’ to
160’
__ (b) Spacing 12’ to
20

__ (¢) Usual ratio of
truss depth to span ranges from 7 to
8tolto10.
__ (2) Bowstring trusses
__ (a) Typical range of spans:
40" to 200
__ (b) Spacing: 12" to 20
__ (¢) Usual span-to-depth ratio of 6 to 8
___ (3) Triangular trusses (see p. 164)
__ (a) Typical range of spans:
40’ to 100
__ (b) Spacing 12" to 20’
__ (¢) Usual span-to-
depth ratio:
I1to6
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__ (4) Two- and three-hinge arches
__ (a) Typical range of spans: 20" to 150’
___ (b) Spacing: 8 to 20/
___ (¢) Usual ratios of total arch heights to
span: [ to4tolto 8.
___ (d) Span-to-depth ratio: 25
___ (5) Lamella arch
__ (a) Typical range of spans: 40" to 150’
___ (b) Usual ratios of arch height to span:
lto4tolto6

___ ¢ Open web joists (T.J.L.)

NN
__ (1) Spacing: 24", 32",
48" oc

— (3) Span-to-depth \'A\'/Q\/

___(2) Spans: 25" to 40’ )
/N

ratio: 17 to 18 Wil
___ (4) 2" to 4" depth increments

Costs: $2.70 to $4.15/SF (70% M and 30% L)

__d. Plywood web joists (T.J.I.)
__ (1) Spacing: 24",32" oc
__ (2) Spans: 20’ to 35
__ (3) Span-to-depth ratio:
20to 24
__ (4) 2" depth increments

Costs: $2.90 to $3.20/SF (65% M and 35% L)

___ B. Plywood Sheathing (see p. 345)
Usually minimum thickness for safe wall sheathing should
be %"
Costs: Roof and floor sheathing (65% M and 35% L)
%" = $1.20/SF
%" = $1.30/SF
%" = $1.45/SF
%" = $1.80/SF
For wall sheathing, add 7% to 8%.
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__A. ATTIC AND CRAWL SPACE (5,
VENTILATION )

__ 1. When there is attic space
under roof, venting of attic
will:

a. Reduce heat buildup.

b. Provide escape route

for moisture.

c¢. In cold climates, help
prevent ice dams from
forming.

2. Even when there is no attic,
the venting effect can still be
achieved with at least a 1" air
space above the insulation.

3.In some cases, the argument
can be made for having no
venting at all. This can be done
in dry climates and building
types where vapor is less of a 4
problem or if the “wet” side of [
the roof is sealed against vapor
migration. Because the codes
require venting but often are not
enforced, this needs to be checked with building officials.

4. Venting can be done by:

__a. Cross-ventilation
__ b. Stack effect
__ ¢ Fans

5. The IBC requires that where climatic conditions warrant,
attics or enclosed rafters should have net free ventilating
area of at least /s of the plan area (sshould be upper venti-
lators at least 3’ above eaves). This can be reduced to %w if a
vapor barrier is on warm side of attic insulation.

6. Under-floor crawl space should have a net free vent area
of 1 SF for each 150 SF of crawl space (or s when ground
has a vapor barrier).

__ 7. Area required to provide 1 SF vent:

7" Screen 1SF
/" Screen w/louvers 2 SF
73" Screen 1.25 SF
78" Screen w/louvers 2.25 SF
%" Screen 2SF
%" Screen w/louvers 3 SF

Costs: Louvers with screens: $12.50 to $24.60/SF (35% M and
65% L)

GABLE ROOF.
W/ wWALL VENTS
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__ B. WATER AND DAMPPROOFING (5

364

__ 1. Waterproofing is the prevention of water flow (usually
under hydrostatic pressure such as saturated soil) into the
building. This is usually basement walls or decks. This can be

by:

b.

C.

Typical costs:

Membranes: Layers of asphalt with plies of satu-
rated felt or woven fabric

Hydrolithic: Coatings of asphalt or plastics (elasto-
meric)

Admixtures: To concrete

Elastomeric, /5" neoprene: $3.95/SF (50% M and 50% L)
Bit. membrane, 2-ply felt: $1.70/SF (35% M and 65% L)

___ 2. Dampproofing is preventing dampness (from earth or sur-
face water without hydrostatic pressure) from penetrating
into the building. This can be:

a.

b.
c.

Typical costs:

Below grade: 2 coats asphalt paint, dense cement
plaster, silicons, and plastics.

Above grade: See paints and coatings, p. 424.

An excellent way to prevent water damage to build-
ings is to insert a layer of 90-1b roll roofing (not tar
paper) in every seam between wood, metal, and
masonry, as well as metal to metal (that is far apart in
the galvanic series).

Asphalt paint, per coat: $0.25/SF (50% M and 50% L)



__C. VAPOR BARRIERS (5)

VAPOR. BARRIER

__ 1. General

___a. Vapor can penetrate walls and roof by:
__ (1) Diffusion—vapor passes through materials
due to:
__ (a) Difference in vapor pressure
between inside and outside.
___ (b) Permeability of construction mate-
rials.
__ (2) Airleakage by:
__ (a) Stack effect
__ (b) Wind pressure
__ (¢) Building pressure
b.  Vapor is not a problem until it reaches its dew point
and condenses into moisture, causing deterioration
in the building materials of wall, roof, and floor
assemblies.

___ 2. Vapor Barriers: Should be placed on the warm or humid

side of the assembly. For cold climates this will be toward
the inside. For warm, humid climates, this will be toward the
outside. Barriers are also often put under slabs-on-grade to
protect flooring from ground moisture.

Vapor barriers are measured by perms (grains/SF/hr/inch
mercury vapor pressure difference). One grain equals about
one drop of water. For a material to qualify as a vapor bar-
rier, its perm rate must be 7.0 or less. A good perm rate for
foil laminates, polyethylene sheets, etc. equals 0.1 or less
(avoid aluminum foil against mortar). See p. 369 for perms
of various materials. Care must be taken against puncturing
the barrier.

t 10°F
1 2% 25F
4— VARR
4— Aow
;_ INGICE. OVTSE

COLD CLIMATE
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VAFOR PARRER

c

g

Sl =0 | neioe
HOT HUMID CLIMATE

Other methods are elastomeric coatings on interior wall-
board in cold climates and at exterior masonry or stucco
walls in hot, wet climates. See p. 424 for coatings. Care must
be taken to caulk all joints and cracks (see p. 382).

__ 3. Roof Vapor Retarders
a. As a general guide, vapor retarders should be con-
sidered for use when:

___ (1) The outside, mean, average January tem-
perature is below 40°F.

__ (2) The expected winter, interior, RH is 45% or
greater.

b. Vapor retarders generally fall into two classes:

__ (1) Bituminous membranes: A typical 2-ply
installation using 3 moppings of steep
asphalt rates at less than .005 perms.

__ (2) Sheetsystems, with sealed laps,such as PVC
films, kraft paper, or alum. foil, with perm
ratings ranging from 0.10 to 0.50.

¢.  When vapor is a concern in top of deck insulation,
moisture relief vents (preferably one-way) at a min.
of one per 1000 SF should be considered.

__ 4. Asphalt Saturated Felts: See p.378.
Typical costs: Polyethylene sheets, 2-10 mill. $.20 to $.30/SF
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5.

__ D. RADIANT BARRIERS (4

Radiant barriers reflect long- RooF
wave (invisible) radiation cre- l e»mazj |
ated by the sun heating the | T 7

exterior skin of the building.

. Use for hot climates or sum-

mer conditions only. Effective

for retarding the penetration AR

of exterior summer heat into Face

building, but not the other way C

in winter. STRUCTURE

. Most critical locations:

__a. The roof is most critical because it faces the sun.
__ b. Use at walls can be effective when:
__ (1) On east and west sides.
__ (2) Climate is less than 2000 HDD and greater
than 2500 CDD. See p. 637.
___ (3) On south walls when climate is greater than
3500 CDD.
Note: For HDD and CDD, see App. B, items L
and M.

. Radiation is blocked by a reflective surface next to an air

space. The barrier can be on either side of the air space, or
on both sides.

The reflective surface can be foil-faced batting, reflective

aluminum foil sheets, or reflective paint.

___ ©6.Emissivity is a measure of radiant-barrier effectiveness

_ 7

(the lower the e-number the better):
__a. Minimum for foils should be e = 0.06.
__ b. Minimum for paints should be e = 0.23

Added R value can be approximated for summer at e =

0.05:

___a. Horizontal air space: Reflectance up, R =5.3
Reflectance both sides, R = 6.0

___ b Vertical air space: Reflectance out, R = 3.6
Reflectance both sides, R = 4.6

__ &.Must guard against dust reducing barrier effectiveness.
Costs: Aluminum foil barrier: $.30/SF (70% M and 30% L)
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__E. INSULATION (5 ) (10

368

__ 1. Insulation is the entrapment of air within modern light-

weight materials, to resist heat flow. It is generally made as
batts, boards, and fills.

. For minimum total resistance (2R) for building elements,

find Insulation Zone from App. B, item U, then refer to
below:
Min. insulation, R

Zone Cl'g. Wall Floor
1 19 11 11
2 26 13 11
3 30 19 13
4 38 19 19
5 38 19 22
6 49 22 22

. In the design of a building, design the different elements

(roof, wall, floor) to be at the minimum XR. Each piece of
construction has some resistance, with lightweight insula-
tions doing the bulk of the resistance of heat flow.

3R =R1+R2+R3+R4+RS5,etc. *(air films)
% %

See p. 369 for resistance (1) of elements to be added.
Another common term is U Value, the coefficient of heat
transmission.

1
- 200 _
U = Btuh/ft*/°F = SR

___ 4. Other factors in control of heat flow

__a. The mass (density or weight) of building elements
(such as walls) will delay and store heat. Time lag
in hours is related to thermal conductivity, heat
capacity, and thickness. This increases as weight of
construction goes up with about /2% per Ib/CF
Desirable time lags in temperate climates are:
Roof—12 hrs; north and east walls—0 hrs; west and
south walls—S8 hrs. This effect can also be used to
increase R values, at the approximate rate of +0.4%
for every added 1b/CF of weight.

b. Light colors will reflect and dark colors will absorb
the sun’s heat. Cold climates will favor dark surfaces,
and the opposite for hot climates. For summer roofs,
the overall effect can be 20% between light and dark.

___ ¢ See page 367 for radiant barriers.



__ bB.Typical Batts:

R=11 3%"
R=19 6"
R=22 6/
R=26 84"
R=30 9"

Typical Costs:

thick

Insulation 369

C.L.’G. batt, 6" R = 19: $1.20/SF (60% M and 40% L)

Wall batt,

9" R = 30: $1.30/SF

4" R = 11: $.65/SF (50% M and 50% L)

6" R =19: $.85/SF

Add $.05/SF for foil backs.
Rigid: $0.70 to $1.80/SE, 1", R =4, $1.20 to $4.20/SE, 3", R

=12.5.

__ ©.lnsulating Properties of Building Materials:

r value
Material Wt. #/CF (per in) Perm
Water 60
Earth dry 75t0 95 .33
saturated .05
Sand/gravel dry 100-120
wet
Concrete req. 150 11
It. wt. 120 .59
Masonry
Mortar 130 2
Brick, common 120 2 1(4")
8" CMU, reg. wt. 85 1.11 4
It. wt. 55 2
Stone =170 .08
Metals
Aluminum 165 .0007 0 (1 mil)
Steel 490 .0032
Copper 555 .0004
Wood
Plywood 36 1.25 %"=4t01
Hardwood 40 91
Softwood 30 1.25 2.9 (4")
Waterproofing .05
Vapor barrier .05
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r value
Material Wt. #/CF (per in) Perm
Insulations
Min. wool batt 4 +3.2 >50
Fill 3.7 >50
Perlite 11 2.78
Board polystyrene 4 1-6
fiber 2.94
glass fiber 417
urethane 8.5
Air
Betwn. nonrefl. 1.34
One side refl. 4.64
Two sides refl.
Inside film 77 (ave)
Outside film
winter 17
summer 25
Roofing (see p.373)
Doors
Metal
Fiber core 1.69
Urethane core 5.56
Wood, solid 1%" 3.13
HC 1%" 2.22
Glass, single 160 (see p.
411)
Plaster (stucco) 110 2
Gypsum 48 .6
CT 145
Terrazzo
Acoustical CLGs
Resilient flooring .05
Carpet and pad 2.08
Paint 3to1 (see

p.424)
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EXAMPLE:

PROBLEM? USING RooF AssemBLY & (£ 479),
A ROOFING, INGULATION,, AND
CEIUNG, ESTIMATE ToTAL U VAWE
& oo, ThE BULOING 15 1N PHOE-

PJ‘K/ Az,
SOLUTION : MIL. R d/oE
LAk 025 O - @
L] &\L BUROF 088 @ (% @
KA. 063 ® @ @
AR 4ot © ®
—— NoNATIN  26.0 12 ®
— STRUCTVRE.  — 40 @
e——j 2" eiP'Br 0.2 - C))
— AL 0.77 —
N==IN il
g 2 x 0.28 1:;%
= O, 50
NOES: Y6 = /r
o eae F. 70,
AS5UME SUMMEER. .
Sge F274,
WITH CAFP SHEET.,
%5&5 P. 264,
STRUCTURE (05T, SEE P 478, ASUME $4%/ /e
@) V2 oF R oF 1.25 FoR V2" PLywoor
(&) BATT W/ ALumM. FolL FACE 0P, Assme $/25%¢ .

SeE ¥ 264,

CIPB'D 2 ' F.eR=.3R (s6E 210 £ 7 4]6)
(D) covr A ANOTHER Rz 5.2 FoR RADKNT BAR-
L.. RIER EFFELT IN sUMMER., Se& P 267,




__F. EXTERIOR INSULATION AND
FINISHING SYSTEMS (EIFS)

372

_ 1.

Exterior Insulation and
Finishing Systems (EIFS)
provide a stucco appear-
ance using exterior insu-
lation. They involve a
combination of exterior-
applied synthetic stucco
on rigid insulation on a
substrate (see item 32 on
p. 188). Substrate can be
masonry, gypsum board,
plywood, etc.

. Rigid insulation is typi-
cally expanded polystyrene (R/in.

Rl&io

—MEoH

- SYNTHETIC
CA24

Q-
= 4.17) of 1" up to 4"

thickness, and is usually applied by adhesive.

in an adhesive.

. Synthetic stucco is applied after a fiber mesh is embedded

For 1” board $9.60/SF (30% M and 70% L), + 30% varia-
tion. Add $0.25/SF for each added 1" of insulation.
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__G. ROOFING (C, (V) (5) 34 (47) (48 (58

For costs, see p. 378. As a rule of thumb, add 30% to roofing costs
for flashing and edge conditions.

__ 1. General
___a. Shape (see p.363)
__ (1) Flat
__(2) Hip
__ (3) Gable
__(4) Shed

b. Pitch: See p. 61 for slopes. Use the following graphic
as a guide for roofing selection:

srore —— 8"

Al 5TVES & HOUARE. - TAB STRIP SHINGLES

OF SMNGLES_, " (Low SLOPE APPLICATION)
4
)

ROLL ROOFING ) ‘?T'.

(exroser nag) | 2"

Row Roorine? "

(lonceA\LED

Nawz) oR k

DOUBLE COVBRAGE. T -yP

Roll REoFING. ROOFING

MIN. PIT¢H & S5LOPE REQUIREMENTS FOR
VARIOUS ASPHALT RODFING PRODUCTS

Drainage: See p. 519.
Fire resistance: Per the IBC, roofing is designated as
either nonrated or rated. When rated, roofing must
be not readily flammable, provide a degree of fire
protection to the deck, not slip from position, and
not produce flying brands during a fire. Rated roofs
are broken down as follows:

___ (1) Class A: Resists severe fires, flames on top
do not spread more than 6', and no burn
through roof. Examples: roofing tile, ex-
posed concrete, and metal.

o
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__ (2) Class B: Resists moderate fires, flames on
top do not spread more than 8, and no burn
through roof. Example: metals.

___ (3) Class C: Resists light fires, flames on top do
not spread more than 13’, and some burn
through roof.

e. Minimum code requirements per IBC.

Const. type: I-A I-B II-A 1I-B III-A III-B IV VA VB
RoofClass B B B C B C B B C

Note: For class C, also see 2-a-(4), below.

__ 2. Basic Roofing Types
__a. Shingles and tiles
___ (1) Normally have felt underlayment.

__(2) Laid on pitched roofs of greater than 3 in 12
(or 2 in 12 with special underlayment).

__ (3) At high-wind locations, shingles have ten-
dency to blow off roof edges, unless special
attachment.

___ (4) Class C may include certain wood shingles
or shakes on buildings of 2 stories or less,
6000 SF max. area, where edge is not less
than 10’ from lot line.

__ b Single ply

__ (1) Modified bitumen

__ (a) APP: rubber-like sheets, can be
dead-level, often with underlay-
ment.

___ (b) SBS:same as above, but more flexi-
ble sheets.

__ (2) Single ply (without underlayment), can be
dead-level.

__ (a) EPDM: single rubberized sheets,
sealed at seams, unattached or
adheared to substrate. Can be rock
ballasted. Normally black.

___ (b) CSPE (“Hypalon”): Like above,
but using a synthetic rubber that is
normally white.

__ (¢) PVC:Like above, but using plastic-
like sheets that are normally white.

__ ¢ Coal tar pitch

__ (1) Like a built-up roof, of asphaltic products,
except coal tar has a lower melt point and is
better at self-sealing punctures.
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__ (2) Use on very low slopes (1% to 2%).
__ (3) Coal tar can be hazardous to work with.

Coal tar is normally 50% more expensive than built-up roofing.

___d. Metal roofing
e. Urethane

__ (1) Sprayed-on insulation with sprayed-on
waterproof coating

__ (2) Very good for irregular-shaped roofs

__ (3) Weak point is delicate coating on top, which
is susceptible to puncture

__f Built-up: Plies of asphalt-impregnated sheets (often
fiberglass) that are adhered together with hot asphalt
moppings. (See Design Checklist which follows.)

DESIGN CHECKLIST

1. Roof leaks are often associated with edges and penetra-
tions. Therefore, these require the greatest amount of care.
2. “Flat” roofs should never be dead-level. Design substrate
or structure for minimum of 2%
(" per ft) to 4% (2" per ft) slope
for drainage.
3. Place drains at midspans, where
deflection of structure is greatest.

N~
4. When drains must be placed at

columns or bearing walls, add A

another /2% (approx. Y the

span) to allow for deck or struc-

ture deflection.
5. Where camber is designed into /B\
structural members, this must A

also be calculated into the re-
quired slope.

___ 6. Provide drainage “crickets”
(“saddles”) to allow water flow
around equipment platforms or I

N

against parapets.

7. To prevent ponding, roof drains
are best recessed. Drains should
be cast iron.

8. For roof drains, scuppers, gutters, downspouts, etc., see p.
520.
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_10.

_ 12

11.

13.

14.

15.
__1e.

The drainage system should be laid out to accommodate
any required building expansion joints. See p. 382.

Roof expansion joints should be provided at structural
joints; where steel frame or deck changes direction; where
separate wings of L, U, or T shapes; where different types
of deck materials meet; where additions meet existing
buildings; where unheated areas meet heated areas; and
where movement between vertical walls and roof may
occur.

Where expansion joints are not used, provide area dividers
at 150 to 200 ft, laid out in square or rectangular areas, not
restricting the flow of water.

All horizontal-to-vertical intersections, such as walls and
equipment platforms, should have 45° cants, crickets, flash-
ing, and counter-flashing. Curbs should be 8" to 14" high so
that there is at least 8" between top of curb and roof.
Premanufactured metal curbs should be 16 GA (or 18 GA
with bracing).

Roof penetrations of pipes and conduits should be
grouped and housed. Keep minimum of 18" between
curbs, pipes, and edges of roof. If pitch pockets must be
used, reduce size so that no more than 2" separate edge of
metal and edge of penetration.

If substrate is preformed rigid insulation, two layers
(with offset joints) are best, with top layer installed with
long dimension of boards perpendicular to drainage and
end joints staggered. Surface must be prepared prior to
roofing.

Use vapor retarder when needed. See p. 365.

Substrate Decks

___a. Plywood should be interior type with exterior glue,
graded C-D, or better. Joints should be staggered
and blocked or ply clipped. Base ply should be
mechanically fastened.

b. Wood planks should be min. nominal 1", T&G, with
cracks or knotholes larger than 2" covered with
sheet metal. Edge joints should be staggered. Use
separator sheet, mechanically fastened as base ply.

c. Steel decks should be 22 GA or heavier. Rigid insu-
lation should be parallel to flutes, which are perpen-
dicular to slope.
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___d. Cast-in-place concrete should be dry, then primed,
unless rigid insulation used; then use vapor retarder
or vent insulation.

___e. Precast concrete should have rigid insulation. Do not
apply first ply to planks.

___ f Lightweight concrete or gypsum concrete must be
dry and then have a coated base ply or vented base
ply mechanically attached.
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ROOFING COMPARISON (PATA AND cosTS)

| SLOPE \UNDER: (maeren{WT |2 || 8| 7YoL cosrs
TPE W/FT ) AYMT ERS e, § | (AP + 30 FOR EPRE
MR, MAX Veq ClE g CONPITTONED
UNDERLAYMENT/ % B0.14./5F (ioy 148 FoHL)
w FELT NA %0 |.06 £50./8/5F
SHINGLES ASPHALT | ¥ (GANLSBEL 1200 (44 C |25 B8 70 ¥ 100/ 5@
il R Ll O ALUM. To| (557 @ 454L)
ReoF 40
AsELeIA| 2 so NAVZ  lacol  |a
woor | 3 ao* FELT | corr. izo |87 |28| 8238 wse65/50
SHAKES wotwn Resior || || SOOI
oRIFEZ | NALS *| s aop tr0oree Fue,
FIRE RETAANG
TILE SLATE |4 20 peLT |COPER  [700 .05\ A | | 8720 ro% Be0/50
) WIRE & | To (70KM & BOLAL)
o NALS 000
“SEANIGH! " HoW - CoR.
FELT | ; B6oo TO B995/50
aay | & PPER 1BOOVONA| )" roniar o 3572)
104 oK, |'450
Resiot
Fi% debe
) o A
CONC. oy Teaa| 1m0 £370 7O B480/ 56
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ROOFING COMPARISON (PATA ANP cos7s)

SLOPE | UNDER: };‘Aefsu-w‘f 3|8 TP cosTs
TYPE IN/FT \/AYM'T ﬁ | w oo + 20 FOR EFGE
Wi A ERS [y & g L | conormone) )
METAL STANDING| 3 3P FELT [ ANGHOR [ 190 20 | 2925 70 Bedo/ R
9EAM, 22 [CLIPS, AL, To] (So%mMe 2o%L)
T0 26 6Ay NAILS Ok 20
PAINTEY ELREWNG
) COPPER:  BAB80/8
STAUNLESS S, : B/200/5%.
MONEL : B /220/ 56
N/A N/ZA Al 220|820 70 180/ 5
™) (20X M ¢ 20XL)
3 550 G AP S4A/SC FOR GRAVEL
o) ADD $25/50 RaR CaP ST
.88
40t 40 A 8/55 70 995/50)
Fiesmueér T
G
2.5{72 B430 70 $80/% (2)
e
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__H. FLASHING 5

___ 1. Purpose: To stop water penetration at joints and intersec-
tions of building elements by use of pliable, long-lasting
materials.

__ 2. Materials

a. Stainless steel: best

b. Copper

¢. Aluminum

d. Galvanized metal (must be painted)

e. Flexible (PVC, EPDM, etc.)

___f Felt:worst

__ 3.Locations
___a. Atroof

__ (1) Edges
__ (2) Where roof meets vertical elements, such as
walls
___ (3) Penetrations
b, Atwalls
__ (1) Copings at top
__ (2) Foundation sills
__ (3) Openings (heads/sills)
__ 4. Typical Details

FLAGHING FOR NON- WALL SUPRORTED DECK
SINGLE AY BULT -yP

METAL LAP AT 1T,

REMOVABLE
LOUNTERL- FLaoH's.
2% wiwgcuf, &
20'0.C .

FLEX. VAFoR.
ReTARDER

£ BAGE FLASHG.

WOor? CANT
STAP, NAIL
ToP k BoTToM
@ % i6"0.C.

FLEX. TURANG -
% x T WIPTH
FOR MIN. 1, .

MEMPRANE.
iLAeH‘G-. AQ-
EREQ To
MEMBRANE W/
ADHEEZIVE

ZEAL ECGES

\a; RAGHNG
EPDM MEMBEANE |

FACTEN TO WD, NALER. 7

Costs: Complete roof to parapet assembly: =~ $20.80/LF
Complete edge of roof assembly: ~ $15.95/LF
Metal flashing: $6.85 to $10.30/SF (10% M and 90% L)
Copper flashing: $7.80 to $10.80/SF (45% M and 55% L)

381



382

l. JOINTS (4 (5 (11

__ 1. General

a.

b.

Joints need to be planned because buildings and
construction materials move small amounts over
time.
The two greatest
sources of joint fail-
ure are failure to
clean the joint and
failure to tool the
sealant. UNTOOLED
Types
__ (1) Expansion joints allow for movement.
These will often go completely through the
building structure with columns on each
side of joint. See p. 159 for seismic joints.

__ (2) Control joints allow for control of cracking
of finish materials by providing an inden-
tion to induce the crack in a straight line.
See p. 276 for concrete slabs. See p. 299
for masonry. See p. 376 for roofing. See p.
415 for plaster.

___ (3) Weather seals reduce infiltration through
building from outside (or vice versa).

Locations (Expansion Joints)

__ (1) New building adjoining existing structure

__ (2) Long,low building abutting higher building

__ (3) Wings adjoining main structure

__ (4) Long buildings: 125’ for masonry, and 200’
for steel or concrete buildings, but 100’ is a
conservative rule of thumb.

___ (5) Long, low connecting wings between build-
ings

___ (6) Intersections at wings of L-,T-, or U-shaped
buildings

__ (7) Control joints along walls and at openings

L2,% 2

3,6
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__d. Components
__ (1) Sealant
___(2) Joint filler
___e. Widths = thermal expansion + moisture + tolerance.
__ (1) Thermal expansion = Ec x @t x L
__ (a) Ec, coefficient of thermal expan-
sion of material, as follows:

[ T T ave
Y

N
i
e

1%

ERANITE _|
RE:
N
%,

3
-ZI o
\‘5“; 12 5 gl
2 Sl
§ | 4~} T f ] 3 / ’L‘)"A
5 —_}»I i/ Q 1| <A
] ] i = ]
5oyl '144 8N j
5 I T LT [ 1 50%,
5 I/Z_)// | L~ | P
R | | L |
) i /L/rl 1] 1 !
Aﬂ- T T 7 T —T T —T T
2.0 40 6.0 8.0 0.0 2.0 4.0 ie.0 8.0 20.0

COEFFICIENTS OF THERMAL EXPANSION X 0™
JOINT WIDTHS FOR SEALANTS WITH VARIOUS MOVEMENT CAPABILITIES
FOR 10 FOUT PANELS AT At OF 120°F

__ (b) Ot=max.probable temp. difference
the material will experience over
time. For ambient conditions, take
the difference between items P and
Q in App. B. Because materials
absorb and/or retain heat, the result
should be increased for the type of
material (can easily double).

__ (¢) L=Lengthin inches.

__ (2) Moisture can add to expansion or to shrink-

age, depending on the material. See p. 299.

(3) Construction tolerance: depends on mate-

rial. For PC concrete panels use /4" for 10

lengths and %" for 30’ lengths.

EXAMPLE 5 ASSUME. CONC. WALL PANELS, 5 WIDE, EXPECT CONC.
At OF 1Z0°F £ A TOLERANCE. OF Vg USE 4 SEALANT
W/ 20% MOVEMENT CAFPABILITIES. \
FROM cHaRTAROVE 3 12" ( “;3:;) %" Yo %
SINCE PANEL IS SWIDE § 95" + 2 = 54’ o 94"
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___ [ Depths:
Depth of sealant
Joint Concrete, Metal, glass, and other
width masonry,stone  nonporous materials
Min. 4" W v
%" to %" Same as width W
%" to 1" One-half width One-half width
1"to2" Max. %" Max. %"
__ 2. %ealants
COMPARATIVE. PROPERTIES OF SEALANTS
LEGEND 7 SEAMANT  TYPES
= peor & ~ ]
2= EAR ¢§ \§§§§h‘§§ g 2
2z GO S i3 ) 3&3 &£ b 8 &
Fifer| Elrpiiisiasiyly 41
B 2EXCRUENT : :’f § ) § é % é ‘2 é é_ Iz
CELOMARRDED
Max-JewtT 115 | 1D 1125 (22 125 | 1D |25 (25 m
Movement, %%
lf“FEFXPﬁcfAN‘Y 10+ | 10 |IB-20| 20 |20 |20+ |20+ 20+
mm*% %\ % | Y | %) ! % i-2 | %4 |(2)
ADHESION 1O
Woovr ®i 00 ® 0 0|0 %
METAL o o060l @ : ® |0 »
MAGONRY /oG [ B B BN ] ® (%
G i_Q__% ® @ @] )
PLAGTIC [ 2K ) @
CORINGTME WaYS), 120 | B | 14 |14+ 1 7 | 7+ |29 {2-9145)
MAK ELONGATION (%) 40 | @O | 6Ot | 200 |600 | 200+ [400 + | 750+
ZEEGC |nm olele oo
NON ~aAG ANAILAS| N/A MK BN I BN 3N )
%ME;"O:
{SBE LEGEND,
ULIRAVIOLET 2|\ D242 (22212 |2 | ©
COT / TéAZ Z [1-2§ 1 % |2 [4-545|l-2
AP RASION Z -2 j1-2 ] 1 i -4 S i
WEATHERING Z -4 124 % % |3-413-4-14-5
ow/erResse  |1-2 | 2 E) 3 ] -4 -4 2
COAPREDION  [2-3 ] 1-2 l E] E) 4 4 -9
EXTENSION T [(1-21 1 2% [2-2 |4-5 14-5 |4-5
(1Y LOME HIGH PERFORMANCE URETHANES & SILICONES HAVE MOVEMENT
CAPABALITIES UP TO 50 %.

(2) FIGURES GIVEN ARE CONSERVATIVE. VERIFY W MANUFACTURER,
(P)PRIMER MAY BE IREQUIRED.

(4) CURE TIME FOR LOW T0 MEP. MODULER SILICONE 15 ABOUT Z HOURS.
(%) SILICONE CAN BE APPLIED OVER. A WIPE TEMPERATURE RANGE.
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__ 3. Checklist of Infiltration Control
__a. Tighten seals around windows and doors, and
weather stripping around all openings to the outside
or to unconditioned rooms.

b. Caulk around all windows and doors before drywall
is hung. Seal all penetrations (plumbing, electrical,
etc.).

c¢. Insulate behind wall outlets and/or plumbing lines in
exterior walls.

d. Caulk under headers and sills.

e. Fill spaces between rough openings and millwork
with insulation (best application with foam).

__ f Install dampers and/or glass doors on fireplaces,

combined with outside combustion air intake.

___ g Install backdraft dampers on all exhaust fan open-
ings.

h. Close core voids in tops of block foundation walls.

___i. Control concrete and masonry cracking.

___j. Use airtight drywall methods.

Costs: Exterior joint, 5" x %"  $2.70/LF (20% M and 80% L)
Interior $2.40/LF
For joint fillers and gaskets add 50% to 100%
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DOORS, WINDOWS,

AND GLASS



NOTES




— A DOORS (5 (10) 17 (27 (50,

__ 1. Accessible Door Approach (ADA) {\26/\‘
4 MmN,

ls 4' M, }I

¢ & \
i I I

X 2 12V IF Door HAR
POTH A cLoggR

LAY E & ! 156 X=0
— W {
[m— \J-
———————— 4"6“
—'IT

| r=
R X f)‘! > t ll‘
\( 2 I

| |

N i\

A=DMNIFY =S
X232 MiN IFY=4&

Ya 4 MIN, IF DOOR HAG BOTH A
CLOSER, & LANTCH, OTHERW 6

1 Y2 9"@"
2 M.
S
R
P j
> ,[\ *
LN
Y= 40 MiN. IF DOOR haes
A CLOGER , OTHERWIGE l
Y= 4 MING Y = 4 MIN.IF DOOR i A GowER,
OHERWIZE, Y= 2" 1,
N
T JREEN S A
R Y] 2
+i2 |2 !
fi {*l{ IR l N
F e i ——
SLIDING & FOLDING PooRS
7' MIN.
=" }”“T 7l
z
Wil

[
NOTE ¢ ALL SRS IN ALCOVED SHALL COMPLY \W/ FRONT APFROACHES,
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__ 2. General

a. Types by operation
__ (1) Swinging
__ (2) Bypasssliding
__ (3) Surface sliding
__ (4) Pocket sliding
__ (5) Folding

b. Physical types
(1) Flush (2) Panelled (3) French (4) Glass

oo
= B L
0o
(5) Sash  (6) Jalousie (7) Louver
-l B

=
(8) Shutter  (9) Screen  (10) Dutch

=

¢. Rough openings (door dimensions +)

Width Height
In wood stud walls (r.0.) +3%" +37"
In masonry walls (m.o) +4" +2"to 4"

d. Fire door classifications: see p. 130.

e. Energy conservation: Specify doors not to exceed:
__ (1) Residential: 0.5 CFM/SF infiltration
__ (2) Nonresidential: 11.0 CFM/LF crack infil-
tration
__ (3) Insulated to R=2.
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__ 3. Hollow Metal Doors and Frames

-4 5'/4") 5 %4, | Yo" For 124" poors
64, 8" 5,1 )
A ] o | =1 Te For 174 poors
—9*——)‘ 7 %%
L L ﬂ 1P
S | q/m," ;L_
l/Z" 7|T/Z" ‘ 3[[
o~
i
%! L 3%
L
DOUBLE RABBET SINGLE RABBET

___a. Material (for gauges, see p. 317). Typical gauges of
doors (16, 18,20) and frames (12, 14,16, 18)

Use Frame Door face
Heavy (entries, stairs 12,14 16
public toilets, mech. rms.)

Medium to low 14,16,20 18

(rooms, closets, etc.)

___ b. Doors (total door construction of 16 to 22 GA)
Thickness 17" and 1%"
Widths 2" to 4" in 2" increments
Heights 6'8",7,72",710", 8,10’
Costs: Frames: 3" x 7', 18 GA $8.00/SF (of opening) or 16 GA at
$9.20/SF (60% M and 40% L), can vary +40%.

Doors: 3" x 7,20 GA, 1%”: $17.50/SF (85% M and 3’ x 6’8",
20 GA, 13%”: $16.80/SF 15% L).

Add: lead lining: $720/ea., 8" x 8" glass, $145/ea.,
soundproofing $35/ea., 3-hour $145/ea., ¥%-hour $30/ea.

__ 4.Wood Doors DRYWALL —)
__a. Types GG
___ (1) Flush
__(2) Hollowcore  #HM

__ (3) Solid core FRAME

___ (4) Panel (rail I l
and stile)
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__ b Sizes
Thickness: 1%" (SC), 1%" (HC)
Widths: 16" to 3'6” in 2" increments
Heights: 6',6'6",6'8",6'10", 7'

___ ¢ Materials (birch, lavan, tempered hardboard)
Flush Panel

Hardwood veneer #1: hardwood or pine for
transp. finish

Premium: for transp. finish  #2: Doug fir plywood for paint

Good #3: For paint.

Sound: (for paint only)

__d. Fire doors (with mineral composition cores) B and
Clabels.

Typical costs:
Wood frame: interior, pine: $4.80/SF (of opening)

exterior, pine: $9.35/SF
(triple costs for hardwoods)

Door: H.C. 1%”, hardboard $6.35/SF
S.C. 13%”, hardboard $13.00/SF (75% M and 25% L)
Hardwood veneers about same costs.
For carved solid exterior doors, multiply costs by 4 to 6.
___ 5. Other Doors
__a. Sliding glass doors

68", 6-10" 810 TEMPELED G165,
r TYPICAL
¥
—) - &~
[6,8,10 | AwM. ‘ ;\
[ 6AME A5 WooD SAME A ABOVE
Apove +2° +ol

Typical costs (aluminum with %” tempered glass):
$840 to $1080/ea. (85% M and 15% L)
12’ wide: $1465 to $2160/ea.
Add 10% for insulated glass.
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___ b. Aluminum “storefront” (7" ht. typical)

Typical cost with glass: $40/SF (85% M and 15% L). Variation of
-25% to +55%.

___ ¢ Residential garage doors
8" min. width/car (9’ recommended)
6’6" min. height (72" min. ceiling).
Costs: $34.50/SF (75% M and 25% L)

___d. Folding doors
2 panels: 1'6”,2'0", 2’6", 3'0" openings
4 panels: 3'0", 4’0", 5’0", 6’0" openings
6 panels: 7'6” opening
8 panels: 8'0”, 10'0", 12'0" openings
Costs: Accordion-folding closet doors with frame and trim:
$27.60/SF
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__B. WINDOWS 5 (17 (42 (60,

For costs, see p. 398.
__ 1. General
In common with walls, windows are expected to
keep out:

a.

winter wind

rain in all seasons

noise

winter cold

winter snow

bugs and other flying objects
summer heat

They are expected, at the same time, to let in:

outside views
ventilating air
natural light
winter solar gain

Size designations: 3' W x 6' H = 3060

For types by operation, see p. 398.

For aid to selection of type, see p. 396.

Windows come in aluminum, steel, and wood. See
pp- 400 and 401 for typical sizes.

Fire-rated windows: see p. 122.

Energy conservation: Specify windows to not
exceed 0.34 CFM per LF of operable sash crack for
infiltration (or 0.30 CFM/SF). NFRC ratings:

U factor of .50 (0.25, better)
SHGC of .40

RoueH OPENING

=

K———UNIT DIMENSION ~——]

395
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@ INVICATES CHARACTER|STICS

WINDOW TYPES

DISADVANTAGES

CASEMENT , IN

AWNING, CANOPY

PIVOTED, VERTICAL

PINOTED, HORIZONTAL
TOP HINGED, OuT

BOTTOM HINGED, 1N

FINED £26H

JALOUSIE

MONITOR, CONTINUOUS
PROJECTED

ONLY 50% OF AREA OPERABLE

DOESN'T PROTECT FROM RAIN, WHEN OPEN

INCONVENIENT OPER. IF OVER OBSTRUCTION

HAZ'D. |F LOW VENT NEXT TO wWALK

REQUIRES WEATHER STRIPPIG

000
o

HORZ. MEMBERS OPSTRUCT VIEW

90 @ @ ® DoublE HUNG

@0 |@® @ wusLe HNG, REVERSED

oejoe

YERT. MEMBERS OB TRUCT VIEW

@ 0 @O @HoRZONTAL SLIDING

Wil S0 IF NOT STRUCTURALLY STRONG

oo (0@ (@ |cstmen, our

o0

GLAGS GUICKLY SOWD WHEN VENT OPEN

®

INFLOW INE AIR CANNOT BE DIVERTED 2oWN

ole
o

EXCEADIVE AR LEAKAGE.

HARD TO WAGH

INTERFERES W/ FURNITURE,, PRAFES, ETL

ECREENS -STORM SAGH PIFFICUT T PRVY

AGH HAS T0 BE RGMOVED FR WAGHING

|0
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O INDICATE® CHARACTERISTICS

WINDOW TYPES

ADVANTAGES

CASEMENT, OUT
CABEMENT , IN

JALOUSIE

PROJECTED

NOT APT TOo HAG

@\ FIXED St

SCREEN & STORM 9ol EAGY D INGTAUL

@] @ VoueLE HUNG

® ‘JHOKIZONTAL £AIDING

PROVIVES 100% VENT OPENING

©|® @ TOF HINCED, ouT

o

EAGY TO WASH W/ PROPER PARDWA

® (@ ®|uBLE HUNG, REVERSED

Will TEFLECT DRAFTZ

0|0|® (@ PIVOTED, VERTICAL

OFFERS RAIN PROTECTION, PARTL OPEN

DIVERTS INFLOWING AR UIPWARD

000 |08 @ AVNING, cCANOPY
O 0®0®® (@ rIVITEY, HORIZONTAL

G000 ® |® ZoTTOoMHINGED, IN

oee (o @ MONITOR, CONTINUOUS

00 S12E5 ECONOMICARY ANAILABLE

00|00

LARGE. £AZe5 FRACTICAL-

e
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WINDOW TYPLS BY OPERATION AND MATERIAL. & LO6TS

NOTE.: GLASS EXCLUDED IN CO5T%

TYPL

2 (90%M $10%L)

VENT  ALUMINUM STEEL woer
£18.25/5F AVE £25/5F Ave. £34 50 /5F AvE. *
(70%M ¢ 30%L) VaRIaTION ~10% +20%
VaRIATION * 7% RcTRE. WiNoowW
0%
FIXED
T £Z5 TD $35/5F AvE.
/INA (85% M 4//5%1,) $50/5F AvE ¥
N VARIATION +70%, ~40%
N4
\
CASEMENT | 100 %
PROJECTED AWNING $3350 70 44080/ £35 70 g40/* 455 /5F AVE.
& 50 SF AVE. 5F AVE. (85% r ¢ 15 %L)
To (75%M ¢ 25%L) VARIATION +60Y,, - 40
100 %
ZZ porecr
50 42570 426/ SF AVE. $35/5F AVE.
Ilﬂll' (B0%M ¢ 20%L) VARIATION * 60
« L 70
b 100%

SLIDING
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W

$2550 vo $28.20/ *
SFAVE.

347/5F Ave  *

B4100/5F AYE.
(85%M & 15%L)

PIVOTING

E; 50% VARIATION +70%,,-45%
J DOUBLE -HUNG
R #27.60/5F AVE.
g (80 % M & 20%L)
JALOUSIE | l00%
T P $27.60/5F AVE.
l l@) (85% M4 I5%L)
] 100%
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TYPICAL WOOD WINDOW SASH SIZES

311" 10 319" (N 4" INcREMENTS)
3!_ qv To 5|_q" (IN a" INCREMENTS)

20" 10 46" (N 2" INCREMENTS)

-

HORIZONT AL SLIDING WINDOWS

'PL Il( 4'-0" 10 810" (IN&" INcREMENTS)
ﬁr 5'-0" T0 &'~ 4" (IN &' INCREMENTS)

3-10" 4'-7', 4-¢!
4 s 7/
5-25'8-6" 6" o"

PICTURE WINDOWS

e 18y 2-0y 2-4% 7L &)
7% 30" 3L44 3.5% 3L 8¢

7

Y

J, 2'- &' 10 5-0" (IN 4" INCREMENTS)
52470 7'-72" (IN4* (NCREMENTS)

T
L |

DOUBLE HUNG WINDOWS

I\
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ALUM. s RES\DENTIAL 5iZe5
STEEL 3§ No 10 Sizes

PNt Lt Ll
z} 28, 3, 34" k—f- 26,2, %46
{ 3
[——1]

8% 6
! ‘ 3, 38", 44,5, 10 G 10

1] L1]

DOUBLE OR SINGLE HUNG WINDOWS 5INGLE. HUNG WINTDWS
’(———1(—— 2’106 N 1" & 7o 16 18 1 INCREMENTS
INCREMENTS l,‘ ?
i i [l
2106 N 1" 2706 IN{
b 4 INCREMENTS -2 & INCREMENTS
HORIZONTAL 2UDING WINDOWS COMBINATION WINOOWS
i qly" ASIEZA 5.3 %'
21 T I
RGN
v N 7106 )"
N P INCREMENTS
hN|
ALUMINUM CASEMENT WINIDWS
H
0%  3-a%' 4 e
4-0%" : 6-6% :
= — 7/ N
TYP‘CA L g o = Vg I id \\ v
METAL 3 RV AN I RN R N /|
s |
3 =T
WINDOW ot L 2R PEs 7 N
2 ! L/ |~ ~N /
u o N . -1 1N A
SIZES e ——
O
3
S o= T 7 <
& o < N} V
0 -\‘9 RN /|
& N :
< — ~.
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__C. HARDWARE (17 (27

___ 1. General Considerations: How to. ..
a. Hang the door
b. Lock the door
¢. Close the door
d. Protect the door
e. Stop the door
f
&
h.

" Seal the door
. Misc. the door
Electrify the door

_ 2. Recommended Locations 3. Door Hand Conventions
%
Ral
o
& HiNeE 'T D ]
LEFT HAND RIGHT HAND
S‘ _ |l eRIKE FOR pEADLOCKS —_—
%maﬂ / PULL LATCHES
& HineE —lepates
I _ &R mwi/An eAr FQ R
-4 & STRIKE FOR. N
g HockoET % Tn 2 LEFT HAND RIGHT HAND
3 ¥ %3 REVERSE. REVERSE
4 WNGE- K
T ? ﬁ DIRECTION OF TRAVEL As-
= SUMED TO BE FROM OUTSIDE. IN

i OR FROM KEYEP SIPE FOR IN-
TERIGR Daora

__ 4. 5pecific Considerations

__a. Function and ease of operation
___ b. Durability in terms of:
___ (1) Frequency of use
__ (a) Heavy
__ (b) Medium
__ (c) Light
__ (2) Exposure to weather and climate (alu-
minum and stainless steel good for humid
or coastal conditions)
___ ¢ Material, form, surface texture, finish, and color.
___ b.Typical Hardware
___a. Locksets (locks, latches, bolts)
___ b. Hinges
__ ¢ Closers
__d. Panic hardware
___ e. Push/pull bars and plates

403
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__ [ Kick plates
__ g Stops and holders
___ h. Thresholds
__i. Weatherstripping
___J. Door tracks and hangers
___ ©.Materials
__a. Aluminum
___ b. Brass
___ ¢ Bronze
__d. Iron
___ e Steel
___ f Stainless steel
__ 7.Finishes
BHMA # US# Finish Base material
__ 600 USP Primed for painting Steel
__ 601 USIB Bright japanned Steel
__ 602 US2C Cadmium plated Steel
__ 603 US2G  Zinc plated Steel
___ 605 US3 Bright brass, clear coated Brass*
606 US4 Satin brass, clear coated Brass*
__ 611 USH9 Bright bronze, clr. coat Bronze*
__ 612 US10 Satin bronze, clear coated Bronze*
_ 613 US10B Ocxidized satin bronze, Bronze*
oil rubbed
__ 618 US14 Bright nickel plated, Brass, Bronze*
clear coated
__ 619 US15 Satin nickel plated, Brass, Bronze*
clear coated
_ 622 US19 Flat black coated Brass, Bronze*
__ 624 US20A Dark oxidized statuary Bronze*
bronze, clr. coat
_ 625 US26 Bright chromium plated Brass, Bronze*
__ 626 US26D Satin chromium plated Brass, Bronze*
_ 627 US27 Satin aluminum, clr. coat Aluminum
628 US28 Satin aluminum, clear anodized
__ 629 US32 Bright stainless steel
___ 630 US32D Satin stainless steel
684 — Black chrome, bright Brass, Bronze*
685 — Black chrome, satin Brass, Bronze*

*Also sometimes applicable to other base materials.
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_ &.ADA-Accessible Hardware

PRolecmionNg
/ﬂ(‘: 1% v 2" /

M s

3" 44"

LeVEZ HANOLES

poog.
s
|

Pvan AATES

__ 9.Costs:
Residential: $115/door (80% M and 20% L)
Variation -30%, +120%
Commercial:
Office:
Interior:  $235/door (75% M and 25% L)
Exterior: $450/door (add ~ $510 for exit devices)
Note: Special doors, such as for hospitals, can cost up to
$685/door
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_D. GLASS (34 (s,

__ 1. General: Glass is one of the great modern building materi-
als because it allows the inside of buildings to have a visual
relationship with the outside. However, there are a number
of problems to be overcome:

___ 2.Energy: Because more heat flows through glass than any
other building material, it must be sized and located care-
fully. See p. 184.

__a. Solar: When heating is needed, glass can be used on
south sides to help. See p. 185. When heating is to be
avoided, it is best to place glass on north or south
sides, avoiding the east and west. The shading coeffi-
cient (SC) is the ratio of the total solar heat gain to
that of 4" clear glass. 1.0 is no shade, so the lower the
number the better. The shading coefficient is approx.
equal to the SHGC x 1.15. The solar heat gain coeffi-
cient (SHGC) has replaced the SC as the standard
indicator of shading ability. SHGC is the fraction of
all solar radiation released inside. It is expressed as
between 0 and 1, with the lower having more shading

ability.
SINGLE INTERIR EXTERIOR
CLEAR BLINDS gﬁ:;{;oﬁ ANNINGS
SHACES
c=40 =,49%.5
% o 6C=.,270 .| 5C=,251.5

INTERIOR EXTERIOR
CURTAING . LHADE

oo SCREEN

_+ -
5=.6T.4 sc=2% .25 5= 3,2

__ b. Conduction/convection heat flow: Also transfers
heat, since glass is a poor insulator. See p. 368.
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__ 3.Condensation: As room air comes in contact with cold
glass, it drops in temperature, depositing excess water vapor
on the surface as liquid condensate. Use the following graph
to select glazing to avoid this:

CLAZING R & CONDENSATON F0R TO°F INSIDE

oo

a0 =

80 b

2z /

o ]
¥ o L AEET /
N s> )
g 40/ // /]

20
L //

L™
0

0 - -0 0 0 2 o 40 BO & T
OUTSADE AIR TEMP °F

___ 4.Legal Requirements: The IBC requires safety glazing at
locations hazardous to human impact. Safety glazing is

tempered glass, wired glass, and laminated glass. Hazardous
locations are:

HORIZONTAL MEMBER, BEMWESN 24 AD 244
APOVE. WALKING GURFACE,

=

N C
Hon cles paueLe)

VOR, SZELVGHTE?
WHERE SAFETY
FEl e Recuseo REQ'D. £,6. IF AREAOF GLASS > 4 5F, BOTIOM EUGE L4569

THAN 18" AFF, TOF EDGE MORETHAN 56", WALK WITHIN 265

SAFETY GLAZING
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___ a. Glazing in swinging doors (except jalousies)
__ b. Sliding and bifold doors
___ ¢ Storm doors
__d. At doors and enclosures (where bottom of glass is
less than 60" AFF and 60" from water edge) for hot
tubs, whirlpools, saunas, steam rooms, bathtubs, and
showers
__ e Glazing adjacent to doors within 24"; also at less than
60" AFF (except where there is a perpendicular wall
between the door and glass, and at R-2 occ., in walls
perpendicular to door)
__ f Glass panels where (all conditions apply):
__ (1) Pane greater than 95F
__ (2) Bottom less than 18" AFF
___ (3) Top greater than 36" AFF
___ (4) Walking surface within 36" of glass
(Except a rail at walking side at 34" to 38"
AFF)
(Except outer pane of insulating glass at 25
or more above adj. surface (walk, roof, etc.)
__ g Railings
__ h. Glass adjacent to stairways, landings, and ramps,
where:
__ (1) Within 36" of walking surface
__ (2) Within 60" of bottom tread
__ (3) Bottom less than 60" or nose of tread walk-
ing surface

___ b.5izing of Glass
__a. Determine wind speeds at site by consulting App. B,

item S. Convert to pressure:

Wind pressure at 33" height

Wind MPH) 70 80 90 100 110 120 130
Pressure (PSF) 12.6 164 20.8 25.6 31.0 369 433
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___ b. Multiply results by the following factors:
__ (1) For low, normal, open sites: 1.5
___ (2) For high, windy, or gusty sites: 3.0
___ ¢ Select glass size from below:

MAXIMUM GLAZING AREA V&, PRESSURE

‘6o
a0 ~_ . S\
W 32%\ ~ \\
d\\ ) ~N \\ \\ 2
N v =2
) NG <
; ZD\\ \\ g f W\{ 7\
§ - X ¢ \\\ Ko
3 N \\\
2 \ N
5 ) Q‘9€// \\
: « NN
% o \ NN
< e | N NN
‘ AL LN
o [ 20 % 20 40 Z0 ©w B Eo W o
WIND PRESSURE ON GLAGS,  LB/oF
__ ©.Costs:
%" clear float glass: $8.40 to $10.80/SF (45% M and 55% L)
Modifiers:
Thickness:
%" glass -30%
%" glass +40%
72" glass +110%
Structural:

Tempered  +20%
Laminated +100%
Thermal:
Tinted or reflective +20%
Double-glazed and/or low E  +100%
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EXAMPLE:

PHOENIX, AZ, S = TT5 HMPH (9EE APP &, ITEM &,
ON P 641) EQUALS 2 1%. 25 PoF. FOR NORMAL
oTE 1.5 X 15,25 = ZOPSF.

Cowp e : 55 SF oF /4 etacs, or
20 5F OF D% e o=
L (5 %F oF 2% Gase

__ 7.Typical Glazing Characteristics

R  Shade Vis.trans. Perf.
Glazing type value coef. (%)  index SHGC

__ Single-Glazed (SG),clr. 090 1.00 90 090 0.86
__ SG gray-tinted " 0.69 43 0.62

___ SG bronze-tinted " 0.71 52 0.73
__ SG green-tinted " 0.71 75 1.09
__ SG reflective " 0.51 27 0.53
_ SGlow-E, clear 1.40 0.74 84 1.14
__ SGlow-E, gray " 0.50 41 1.82
__ SG low-E, bronze " 0.52 49 0.94
__ SG low-E, green " 0.56 71 1.27

Double-Glazed (DG),clr. 2.00 0.84 80 095 0.76
DG gray-tinted ! 0.85 39 0.69

___ DG bronze-tinted " 0.59 47 0.80  0.62
__ DG green-tinted ! 0.60 68 1.13
__ DG reflective " 0.42 26 0.62
DG low-E, clear 312 0.67 76 1.13 0.74
__ DG low-E, gray " 0.42 37 0.88
__ DG low-E, bronze " 0.44 44 1.00
___ DG low-E, green " 0.47 64 1.36
__ DG polyfilm, clear 45 042 53 1.26
__ DG polyfilm, gray ! 0.27 26 0.96
___ DG polyfilm, bronze " 0.29 32 1.10
__ DG polyfilm, green " 0.29 45 1.55

__ DG spectrally selective 417 047 72 1.53 041
___ Triple-Glazed (TG),clr. 322 0.81 75 093  0.69
__ TG, low-E 9.09 0.57 68 1.19  0.49

Note: Performance Index (“Coolness Index”) = Visual Transmission/Shading Coeffi-
cient. The higher the number the better.
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__A. PLASTER

Note: For EIFS, see p. 372.

8 6A. WIRE OR STEEL ROpS
SUPPORTING 12 T025 5F

MAIN FRAME CHANNELS
(1" € 2'0¢)

CRO%5 FURRING CHANNELS
(4" @ 2'0c)

METAL LATH AND 2
COATS OF PLAGTER

TYPICAL
CELING

___ 1. Exterior (stucco) of cement plaster.

___ 2. Interior of gypsum plaster.

__ 3.Wall supports usually studs at between 12" and 24" oc. If
wood, use 16” oc min.

__ 4. Full plaster—3 coats (scratch brown, and finish), but walls
of masonry can have 1 or 2 coats.

___ 5. Joints: Interior ceilings: 30’ oc max.
Exterior walls/soffits: 10" to 20" oc.

___ ©.Provide vents at dead air spaces (2"/SF).

___ 7. Curing: 48 hrs moist curing, 7 days between coats.

Costs:
Ceilings with paint, $2.40 to $7.80/SF (25% M and
plaster, and lath 75% L), can vary up to +60%
for plaster
Walls of stucco with $2.65/SF for stucco + $1.20/SF

paper-backed wire lath for lath (50% M and 50% L)
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B. GYPSUM WALLBOARD (DRYWALL)
(4) 12

__ 1. Usuallyin 4’ x & (or 12')
sheets from %" to 1" thick
in about %" increments.

__ 2.Attach (nail or screw) —
against wood or metal —_— ]
framing—usually at 16"

(fire rating) to 24" oc.
__ 3. Type “X", %" will give 1 hr.

fire rating. Roughly each
additional 2" layer will
give 1 hr. rating up to
4 hours, depending on
backing and application.
___ 4. Water-resistant (green)

available for wet areas or
exterior.

For exterior soffit venting, see p. 363.

Costs:
%" gyp.bd.  $.80/SF ceilings
on wood $1.20/SF columns and beams
frame $.80/SF walls

(Approx. 50% M and 50% L)

Increase 5% for metal frame. Varies about 15% in cost for %' ea.
thickness. Add $.10/SF for fire resistance. Add $.17/SF for water
resistance. Add $.50/SF for joint work and finish.

EXAMPLE :

FIND The cooT oF %/8"ctpelp. WAL ON FRAME., Reapy
FoR PANT.
W' = $0,860/kr (Waw) + 104 (157 Foe, exren
8" Theknesess) + $0.50 For FINSH.
S B = B0 /oF, 2AY FIE/oF
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_C.TLE 4 (12

__ 1. Settings
__a. Thick set (%" to 14"
mortar bed) for
slopes.
b. Thin set (%" mortar
or adhesive) for
faster and less expen- g
sive applications.
__ 2.Joints: %" to %" (can be
epoxy grouted for quarry tile
floors).
__ 3.Types
__a. Ceramic glazed and unglazed for walls and floors of
about /4" thick and 4-6" SQ. Many trim shapes avail-
able.
__ b. Ceramic mosaic for walls and floors of about /4" thick
and 1” to 2" SQ.
__ ¢ Quarry tile of earth tones for strong and resistant
flooring. Usually /2" to %" thick by 4” to 9" SQ.

Typical Costs:
Note: Costs can vary greatly with special imports of great
expense.

Glazed wall tile: $7.10/SF (50% M and 50% L), variation of
-25%, +100%

Unglazed floor mosaic: $10.65/SF (65% M and 35% L), vari-
ation of +35%, -10%

Unglazed wall tile: $7.90/SF (40% M and 60% L), variation
of +35%, -15%

Quarry tile: $11.65/SF (same as above), variation of +10%
Bases: $11.65/LF (same as above), variation of +10%

Additions: color variations: +10 to 20%
abrasive surface: +25 to 50%
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__D. TERRAZZO (4 (12

__E. ACOUSTICAL TREATMENT (4" (12

418

_ 1.

Costs:

_ 1

Costs:

Costs:

. Base of sand and con-

. To prevent cracking,

S~

A poured material
(usually %" thick) of
stone chips in a cement
matrix, usually with a
polished surface.

crete.
exposed metal dividers

are set approx. 3' to 6’
oc each way.

. Newer, high-strength terrazzo (with chemical binders) is

thin set with far less jointing. Can also come in tile pavers of
about 1” thick x 9” SQ to 2’ SQ.

$13.50/SF to $18.00/SF (45% M and 55% L)
Tiles: $20.50 to $33.50/SF

Acoustical Ceilings: Can consist of small (%" thick x 1" SQ)
mineral fiber tiles
attached to wallboard
or concrete (usually
glued). Also, acousti-
cal mineral fibers with
a binder can be shot
on gypsum board or
concrete.

Small tiles $1.30 to $1.80/SF (40% M and 60% L)

. Suspended Acoustical Tile Ceilings: Can be used to cre-

ate a plenum space to conceal mechanical and electrical
functions. Typical applications are 2" SQ or 2" x 4’ tiles in
exposed or concealed metal grids that are wire-suspended
as in plaster ceilings. The finishes can vary widely.
Acoustical panels $1.20 to $2.40/SF (70% M and 30% L)
Suspension system $1.20 to $1.50/SF (80% M and 20% L)

When walls do not penetrate ceilings, can save $0.10 to
$0.25/SF.



__F. WOOD FLOORING (4, (12)

__ 1. See p. 356 for structural decking.

___ 2. Finished flooring can be of hardwoods or softwoods, of
which oak, southern pine, and Douglas fir are the most
commonly used.

3. All-heartwood grade of redwood is best for porch and
exterior flooring.

4. If substrate is concrete, often flooring is placed on small
wood strips (sleepers); otherwise flooring is often nailed to
wood substrates (plywood or wood decking).

5. Because wood is very susceptible to moisture, allowance
must be made for movement and ventilation. Allow expan-
sion at perimeters. Vapor barriers below concrete slabs are
important.

__ 6.Use treated material in hot, humid climates.

___ 7. Three types of wood flooring:

___a. Strip
__ b. Plank
__ ¢ Block (such as parque)

77778 v To 2V WIE
778 oveR B YAl vk

A
Typical Costs:

Wood strip fir $6.00/SF (70% M and 30% L)
0ak +90% +10% finish
Maple +100% clean and wax = $0.40/SF

__G. MASONRY FLOORING 4 (12

See Part 4 on materials.
Typical Costs:

147 x 4" x 8" brick: $11.00/SF
(65% M and 35% L) , «a@

Ny
Add 15% for special patterns. {0
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__H. RESILIENT FLOORING 4 (12

__ 1. Consists of sheets
or tiles of vinyl, cork, > 4
rubber, linoleum, or - Z
asphalt with vinyl the 1o 5
most commonly used. >

2.1s approx. /" to %"
thick with tiles being
9" SQ to 12" SQ.

3. Applied to substrate with mastic. Substrate may be ply-
wood flooring, plywood or particleboard over wood deck,
or concrete slabs.

4. Vapor barriers often required under slabs.

5. Vinyl base is often applied at walls for this and other floor
systems.

A wide range of colors and patterns is available for flooring.

Typical Costs:
Solid vinyl tile ~ $3.60/SF (75% M and 25% L), can go up
%x12 x 12 20% for various patterns and colors; dou-
ble for “conductive” type.
Sheet vinyl $3.30/SF (90% M and 10% L), variation

of -70% and +100% due to various pat-
terns and colors.

Vinyl wall base  $2.10/LF (40% M and 60% L). Can vary
+15%.

Stair treads $9.60/LF (60% M and 40% L). Can vary
from -10% to +40%.
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l. CARPETING (1 (5) 60,

__ 1. Most wall-to-wall carpeting is produced by looping yarns
through a coarse-fiber backing, binding the backs of the
loops with latex, then applying a second backing for
strength and dimensional stability. Finally the loops may be
left uncut for a rough, nubby surface or cut for a soft, plush
surface.

2. The quality of carpeting is often determined by its face
weight (ounces of yarn or pile per square yard), not its total
weight. Weights run:

__a. Low traffic: 20-24 0z/SY

__ b. Medium traffic: = 24-32 0z/SY

___ ¢ High-end carpet: 26-70 0z/SY
3. A better measure of comparison:

ot densit . face weight x 36 CY
weight density factor = pile height  ~ oz

Ideally, this should be as follows:
__ a. Residential: 3000 to 3600 0z/CY
__ b. Commercial: 4200 to 7000 0z/CY

___ 4. Flame spread: see p. 446.

__ 5. There are two basic carpet installation methods:

a. Padded and stitched carpeting: Stretched over a
separate pad and mechanically fastened at joints
and the perimeter. Soft foam pads are inexpensive
and give the carpet a soft, luxurious feel. The more
expensive jute and felt pads give better support and
dimensional stability. Padding adds to foot comfort,
helps dampen noise, and some say, adds to the life
of the carpet.

b. Glued-down carpets: Usually used in commercial
areas subject to heavily loaded wheel traffic. They
are usually glued down with carpet adhesive with a
pad. This minimizes destructive flexing of the back-
ing and prevents rippling.

___ ©.Maintenance Factors

__ a. Color: Carpetsin the midvalue range show less soil-
ing than very dark or very light colors. Consider the
typical regional soil color. Specify patterned or mul-
ticolored carpets for heavy traffic areas in hotels,
hospitals, theaters, and restaurants.

b. Traffic: The heavier the traffic, the heavier the den-
sity of carpet construction. If rolling traffic is a fac-
tor, carpet may be of maximum density for minimum
resistance to rollers. Select only level-loop or dense,
low-cut pile.
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__ 7. Carpet Materials:

Fiber Advantages Disadvantages
Acrylic Resembles wool Not very tough;
(rarely used) attracts oily dirt
Nylon Very tough; resists None
(most used) dirt, resembles wool;

low-static buildup
Polyester Soft and luxurious Less resilient;
deep pilings attracts oily dirt

Polypropylene ~ Waterproof; resists
indoor-outdoor fading and stains; easy
to clean

Crushes easily

Wool Durable; easy to clean;
feels good; easily dyed

Most expensive

___ 8.Costs: (90% M and 10% L) (Variation +100%) See p. 461
for interiors wholesale/retail advice. Figure 10% waste.

Repair/level floors: $2.15 to $8.00/SY (45% M and 55% L)

Padding

Sponge: $7.40/SY (70% M and 30% L) Variation =10%

Jute: -10%
Urethane: -25%
Carpet
Acrylic, 24 0z, med. wear: $27.10/SY
28 oz, med./heavy: $33.60/SY
Residential
Nylon, 15 oz, light traffic: $19.50/SY
28 oz, med. traffic: $23.75/SY
Commercial
Nylon, 28 oz, med. traffic: $25.00/SY
35 oz, heavy: $29.50/SY
Wool, 30 oz, med. traffic: $49.50/SY
42 oz, heavy: $54.00/SY
Carpet tile: $3.30 to $6.60/SY
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CARPET TYPES
TYPE OF WEAVE CHARACTERISTICS AND PEST USES

LEVEL LADP : EVEN HEIWGHT, TIGHTLY SPACED UN-
CUT LOOPS. TEXTURE 15 HARD AND PEBBLY.
HARD WEARING AND EASY TOCLEAN. LDEAL
FOR OFFICES> AND HIGH TRAFFIC AREAS.

MULTI- LEVEL LOOP : UNEVEN HEIGHT IN PATTERN,
TIGHTLY SPALED UNCUT LOOPS. TEXTURE 1%

HARD & PEBBLY. HARD - WEARING ¢ EASY T0
CLEAN. IDEALFOR OFFILESD AND HicH TRAFFC
AREAS.

PLUSH 'CUT'FILE : EVENLY CUT YARNS WiTH

MINIMAL TWIST, EXTREMELY S0F T, VELVETY
TEXTURE. VACUUMING AND FROTPRINTS AFPPEAR,
A9 DIFFERENT LOLORS, VEPENDING ON LGHT

CONDITIONG . IDEAL. FOR FORMAL RCOMS W/

UGHT TRAFFIC,

FRIEZE 'CUT'PILE : EVENLY CuT YARNS WITH
TIGHT TWIGT. EXTREMELY 40FT, VELVETY
TEXTURE, VACUUMING AND FOOTPRINTS AP-
PEAR A% DIFFERENT COLORS, DEPENDING ON
LIGHT CONDITIONS, LUEAL FOR FORMAL RM&
WITH LIGHT TRAFFIC.

CUT ANP LOOP : COMBINATION OF BoTH PLUSH
AND LEVEL -LOOP, WIPES PIRT FAIRLY WELL.
IDEAL FOR RESIDENTIAL APPLILATIONS.

£, INDAOR - QUTDODR : CUT, TIGHTLY TWISTED
YARNG THAT TWIZT VPN THEMSELVES, TexT-
VRE 15 ROUEH., HIDES DIRT EXTEREMELY WELL
AND 14 NEARLY A% TOUGH A% LEVEL- LOOF.
IEAL For RESIDENTIAL. APPLICATIONS.




__J. PAINT AND COATINGS (R (T) (17 (60)

__ 1. General
__a. Paints and coatings: are liquids (the “vehicle”) with
pigments in suspension, to protect and decorate
building surfaces.
b. Applications: brushed, rolled, sprayed
c. Failures: 90% are due to either moisture problems
or inadequate preparation of surface.
d. Surface Preparation:
__ (1) Wood: Sand if required; paint immediately.
___ (2) Drywall: Let dry (0 to 7 days). If textured
surface is required, prime prior to texturing.
__ (3) Masonry and stucco: Wait for cure (28
days).
e. Qualities:
__ (1) Thickness
___ (a) Primers (and “undercoats”): /> to 1
dry mills/coat.
___ (b) Finish coats: 1 to 1% dry mills/coat.
___ (2) Breathability: Allowing vapor passage to
avoid deterioration of substrate and coat-
ing. Required at (see p. 365):
___ (a) Masonry and stucco: 25 perms
__ (b) Wood: 15 perms
__ (¢) Metals: 0 perms
___f- Paint Surfaces:

__ (1) Flat: Softens and distributes illumination
evenly. Reduces visibility of substrate
defects. Not easily cleaned. Usually used on
ceilings.

__ (2) Eggshell: Provides most of the advantages
of gloss without glare.

__ (3) Semigloss

__ (4) Gloss: Reflects and can cause glare, but also
provides smooth, easily cleanable, nonab-
sorbtive surface. Increases visibility of sub-
strate defects.

Legal Restrictions:

__ (1) Check state regulations on paints for use of
volatile organic compounds (VOC), use of
solvents, and hazardous waste problems.

__ (2) Check fire department restrictions on
spraying interiors after occupancy or during
remodelling.
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__ 2. Material Types

Water-repellent preservatives: For wood.
Stains: Solid (opaque), semitransparent, or clear.
Wood coatings: Varnish, shellac, lacquers.
Wood primer-sealer: Designed to prevent bleeding
through of wood resin contained in knots and pitch
pockets, and to seal surface for other coatings. Usu-
ally apply 2 coats to knots. Since primer-sealer is
white, cannot be used on clear finishes.
Latex primer: Best first coat over wallboard, plaster,
and concrete. Adheres well to any surface except
untreated wood.
Alkyd primer: Used on raw wood. Latex “under-
coats” can also be used.
CMU filler: A special latex primer for reducing
voids and to smooth surface on masonry. Does not
waterproof.
Latex paint: A synthetic, water-based coating, this is
the most popular paint because it complies with
most environmental requirements, is breathable,
and cleans up with water. Use for almost all surfaces
including primed (or undercoated) wood. Adheres
to latex and flat oils. Avoid gloss oils and alkyds
other than primers. Subdivided, as follows:

__ (1) Polyvinyl acetate (PVA): Most commonly
used. Provides 25+ perms.

__(2) Acrylic: Smoother, more elastic, more
durable, often used as a primer. Provides
less than 5 perms.

Alkyd paint: A synthetic semisolvent-based coating,

replacing the old oils. This seems to be going out of

use due to environmental laws. Used for exterior
metal surfaces. Not breathable.

__ 3.Paint Systems and Costs (30% M and 70% L) The fol-

lowing was developed for the SW U.S. Add 10% for the rest
of the country.
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Comparison of Paint Finish Systems: ICI Paints

T
Applied Cost -
Product Type per sq. ft. Areas of Use Benefits Liabilities
Interior: (premium finishes)
Latex Flat Wall Paint 30¢ -35¢ Any interior surface where aflat  Almost unlimited color selection,  Flats are considered washable but
(GWB = 2 coats) appearance is desired. washable, low odor, dries fast, not scrubbable(like enamels).
excellent touch-up and coverage.
Latex Eggshell Enamel 40¢ -50¢ Where a slightly higher sheenis  Same as flat, but more durable More scrubbable than a flat, but less
(1 coat primer, 2 coats finish) desired instead of a flat. and scrubbable than a flat with durable than a higher sheen.
greater moisture resistance; best
quality eggshell enamels have
good "block resistance”.
Latex Semi-Gloss Enamel 40¢ - 50¢ Kitchens, bathrooms, doors and ~ Same as flat, but another step up  Increased scrubbability over any
(1 coat primer, 2 coats finish) trim, cabinets, etc., wherever a in durability, scrubbability and lower sheen product, but not as
medium sheen is needed. moisture resistance compared to  durable as higher sheens. (Note:
a lower sheen product; best As sheens rise, hiding is reduced.)
quality semi-gloss enamels have .
good "block resistance”.
Latex Gloss Ename! 40¢ - 50¢ Kitchens, bathrooms, doors and ~ Same as flat, but a high gloss Highest degree of scrubbability, but
(1 coat primer, 2 coats finish) trim, cabinets, etc., wherever a product with maximum durability, fowest hiding.
high sheen is required. scrubbability and moisture
resistance when compared to a
lower sheen product.
Waterborne Semi-Gloss or 70¢ - 85¢ Any interior wall surface, metal, Same as latex products, but Dries for recoat overnight, but does
Gloss Epoxy (2-component) concrete block and wood. Ideal  provides maximum durability and  not fully cure for 7 days.
(1 coat primer, 2 coats finish) for hard usage areas in schools,  highest performance in a hard,
hospitals, restaurants, public tough and stain-resistant finish.
buildings and factories.
Exterior: (premium finishes)
Latex Heavy-Bodied Stain 35¢ - 40¢ Exterior wood surfaces, especially Extensive color selection, water-  Not recommended for wood decks,
(Wood = 2 coats) fascias and soffits, where grain of repelient, mildew-resistant, low floors, outdoor wood furniture, or
the wood's natural texture is to be  odor and guards against wood rot. brushed or abraded plywood
highlighted. surfaces.
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Latex Heavy-Bodied Stain
(Wood = 2 coats)

Latex Flat Finish
(1 coat primer, 2 coats finish)

Latex Satin Enamel
(1 coat primer, 2 coats finish)

Latex Semi-Gloss Enamel
(1 coat primer, 2 coats finish)

Latex Gloss Enamel
{1 coat primer, 2 coats finish)

Aliphatic Urethane Gloss
Enamef (2-component)
(1 coat primer, 2 coats finish)

Power-washing

35¢ - 40¢

40¢ -50¢

40¢ -50¢

40¢ -50¢

40¢ - 50¢

70¢ - 85¢

8¢-12¢

Exterior wood surfaces, especially Extensive color selection, water-

fascias and soffits, where grain of
the wood's natural texture is to be
highlighted.

Any exterior surface where a flat
appearance is desired.

Where a slightly higher sheen is
desired rather than a flat.

Use wherever a medium sheen
finish is desired.

Use wherever a high gloss finish
is desired.

A high-performance, chemically-
cured urethane enamel.

Exterior concrete and CMU
surfaces.

repelient, mildew-resistant, low
odor and guards against wood rot.

Almost unlimited color selection,
washable, fow odor, dries fast,
excellent touch-up and coverage,
can be applied over a variety of
properly primed surfaces; fade,
chalk and mildew resistant.

Same as flat, but more durable
than a flat with greater 'setf-
cleaning' atributes. Moisture,
fade, chalk and mildew resistant.

Same as flat, but another step up
in moisture resistance and
durability compared to a lower
sheen product. Excellent fade,
chalk and mildew resistance.

Same as flat, but a high gloss
product with excellent durability,
moisture resistance, fade, chalk
and mildew resistance, when

Not recommended for wood decks,
floors, outdoor wood furniture, or
brushed or abraded plywood
surfaces.

Exterior flats do not tend to be as
‘self-cleaning' as enamels.

Easier to clean than a fiat, but less
durable than a higher sheen.

Increased cleanability over any
lower sheen product, but not as
durable as higher sheens.

Highest degree of cleanability and
durability, but least amount of hide.

compared to a lower sheen enamel.

Exceptional gloss and color
retention, excellent abrasion and
chemical resistance, wide color
selection (including safety colors),
excellent resistance to marring,
chipping and scratching.

Best method for cleaning exterior
surfaces prior to repainting.

Product cost is highest of any exterior
enamel, but length of service is
longest with highest UV proteetion.
Has also been used as anti-graffiti
coating. Best applied by a painting
contractor with product experience.

None.



__ K. COLOR (12 (i) &

YELLOW

rorre  THE COLOR WHEEL

B PRIMARY COLORE
e  SECONPARY COLORS
e TERTIARY COLORD

O

FD 5

o L§
000000
%D

(] cHROMA

428

(FOR, PIGMENTS)

THINK OF COLOR IN THREE

PIMENSIONS ¢

L HUE (“coror™d

2. VALVE (LIGHT To DARK)

B, CHROMA, (SATURATION ~
INTENSITY)

COLOR CONTRAGTS

. ONE COOR V&. ANOTHER

Z. VARK V&. LIGHT

3, COMPLEMENTARY (RED V2.
GREEN, YELLOW V& VIOLET, .
ORANGE V& BLUE)

4, WARM V& CcooL (HoT Rep-
ORANGE - YELLOW W Cool
PUE ~-EREEN)

5, SMALL VS LARGE
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__ 1. Basic Color Schemes

a. Triadic schemes.
Made from any three
hues that are equidis-
tant on the color
wheel.

b. Analogous or
related schemes.
Consist of hues that
are side by side.

c¢. Monochromatic
schemes. Use only
one color (hue) in a
range of values and
intensities, coupled
with neutral blacks
or whites.

d. Complementary
schemes. Use con-
trast by drawing

from exact opposites O O O

on the color wheel.

Usually, one of the O O
colors is dominant

while the other is F'__“.
used as an accent.

Usually vary the O

amount and bright- O O O
ness of contrasting
colors.
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e.

Split complemen-
tary schemes. Con-
sist of one hue and the
two hues on each side
of its compliment.

Double complemen-
tary schemes. Com-
posed of two adjacent
hues and their respec-
tive hues, directly
opposite on the color
wheel.

Many-hued schemes.
Those with more than
three hues. These usu-
ally need a strong
dose of one color as a
base with added col-
ors that are closely
matched in value.

__ 2.Rules of Thumb
Your dominant color should cover about % of the
room’s area. Equal areas of color are usually less
pleasing. Typical areas to be covered by the main
color are the walls, ceiling, and part of the floor.

The next most important color usually is in the floor
covering, the furniture, or the draperies.
The accent colors act as the “spice” for the scheme.
Study the proposed colors in the lighting conditions
of where they will be used (natural light, type of

a.

artificial light).

®
O

Ope

o
o
@)

The larger the area, the brighter a color will seem.
Usually duller tones are used for large areas.
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Contrast is greater from light to dark than it is from
hue to hue or dull to bright saturation.

Colors that seem identical but are slightly different
will seem more divergent when placed together.
Bold, warm (red/orange) and dark colors will
“advance.” These can be used to bring in end walls,
to lower ceilings, or to create a feeling of closeness
in a room.

Cool (blue/green), dull and light colors “recede.”
These can be used to heighten ceilings or to widen a
room.

Related colors tend to blend into “harmony.”
From an economic point of view, dark colors absorb
more light (and heat) and will require more lighting.
Light colors reflect light, requiring less lighting.
Colors will appear darker and more saturated when
reflected from a glossy surface than when reflected
from a matte surface.

A color on a textured surface will appear darker
than on a smooth surface.

Bright colors increase in brilliance when increased
in area, and pale colors fade when increased in area.
Incandescent (warm) lighting normally adds a
warming glow to colors. Under this light, consider
“cooling” down or graying bright reds, oranges, or
yellows.

Low atmospheric lighting tends to gray down colors.
Fluorescent lighting changes the hue of colors in
varying ways depending on the type used. In some
instances it will accent blue tones and make reds
look colder. It may make many colors look harsher.
Southern exposures will bring in warm tones of sun-
light.

Northern exposures will bring in cool light.

Cool pale colors tend to promote relaxation and
shorten the passing of time. Therefore, they are
good for repetitive work. Warm bright colors tend
to promote activity and heighten awareness of time.
Therefore, they are better for entertainment and
romantic settings

Cool colors tend to make warm conditions more tol-
erable. Warm colors do the same for cold conditions.
Advancing colors (red-yellow) usually make objects
larger. Receding colors (green-violet) usually make
things look smaller.
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__ 3. Percent Light Reflected from Typical Walls and Ceilings

Class Surface Color % Light reflected
Light Paint white 81
ivory 79
cream 74
Stone cream 69
Medium Paint buff 63
It. green 63
It. grey 58
Stone grey 56
Dark Paint tan 48
dk. grey 26
olive green 17
It. oak 32
mohogany 8
Cement natural 25
Brick red 13

__ 4. Typical Reflectance %

_a. Commercial
Ceiling 80%
Walls 50%
Floors 20%
__b. Industrial
Ceiling 50%
Walls 50%
Floor 20%
¢ Classrooms
Ceiling 70-90%

Walls 40-60%

Floor 30-50%

Desk top  35-50%

Blackboard 20%
___ 5. Surfaces:

___a. Specular: A smooth, shiny surface that casts a mir-
rorlike image of the arriving light.

__ b. Matte: A smooth, dull surface that emits an inar-
ticulate shine.

__ c Diffuse: A rough, dull surface that widely scatters
the arriving light.
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__A. TOILET PARTITIONS (4

I

Y * 4 ; N ELEVATION

]
1 410"

__ 1. Typical widths: 2'6",2'8",2'10" (most-used), and 3'0"
___ 2. Typical depths:
___a. Open front:2'6" to 4’0"
__ b. Closed front (door): 4'6" to 4'9"
__ 3. Typical doors: 1'8”,1'10",2'0",2'4", and 2'6"
__ 4. Typical pilasters: 3,4,5, 6,8, or 10 inches
__ B.For HC-accessible, see pp. 512-514.
Costs: $720 to $1080/each compartment

Ceiling-mounted partitions, with plastic-laminate finish, are the
least expensive.
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__B. FIREPLACES (5,

__ 1. Typical Opening Sizes (see drawings below):

W H D S
2 1.5 to 1.75' 1.33"to 1.5
3 2 1.67' 6Y2"
4 212 1.75' 6"
5’ 2.5"t02.75' 2'to 217 9"
6’ 275 to 3 2.17" to0 2.33' 9"
W RN
7|
/

-
._,I

ELEVATION

W
PLAN

k

__ 2. For energy conservation, provide:
__a. Outside combustion air ducted to firebox
__b. Glass doors
c¢. Blower

_ 3.PerlBC:

___a. Hearth extension to front must be 16" (or 20" if
opening greater than 6 SF).

___ b. Hearth extension to side must be 8” (or 12" if open-
ing greater than 6 SF).

___ ¢ Thickness of wall of firebox must be 10" brick (or 8"
firebrick).

__d. Top of chimney must be 2" above any roof element
within 10'.

Costs: Fabricated metal: $600 to $1800 (75% M and 25% L)
Masonry: $6000 to $18,000
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__C. GRAPHICS (M (10,

___ 1. General: Visual identification and direction by signage is
very important for “wayfinding” to, between, around, in, and
through buildings. Signage is enhanced by:

__a. Size

__ b. Contrast

___ ¢ Design of letter character
and graphics.

___ 2.Road Signage: Can be roughly estimated as follows:

SPEED VIEWING SleN SIZE | COPY SIZE

MPH DISTANCE. | ANGLE &F INCH HT.
1% 220 S

20 210 40 5

40 450 35° 7

45 660 90

50 545 30° &
60 6lo- 880 | 20° 150 q'a

___ 3.Building Signhage
___a. Site directional/warning signs should be:
__ (1) 6 from curb
__ (2) 7' from grade to bottom
__(3) 100200’ from intersections
__ (4 1to25FTSQ
b. Effective pedestrian viewing distance 20’ to 155’
c¢. Effective sign size: =10'/inch height (10" max. viewing
distance per inch of height of sign).
d. Effective letter size: =50'/inch height.
e. Asarule, letters should constitute about 40% of sign
and should not exceed 30 letters in width.
Materials
__ (1) Exterior
__ (a) Building: fabricated aluminum, illu-
minated plastic face, back-lighted,
cast aluminum, applied letter, die-
raised, engraved, and hot-stamped.
__ (b) Plaque and sign: cast bronze or
aluminum, plastic/acrylic, stone,
masonry, and wood.

S~
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__ (2) Interior

__ (a) Permanent mounting: vinyl tape/
adhesive backing, silastic adhesive,
or mechanical attachment.

__ (b) Semipermanent: vinyl tape square
on inserts.

___ (c¢) Changeable: dual-lock mating fas-
teners, magnets, magnetic tape or
tracks.

___ & Mounting heights

- -
. : 1= \
° 0 T
3

EXTERIOR SIGNS INTERIOR SIGNS

o 4-9*

3

5-&

___ h. Accessibility signage per ADA required at:

__ (1) Accessible parking, see p. 227.

__ (2) Building entries (when accessible, not
required when all are).

__ (3) Accessible facilities, such as at rest rooms
(when accessible, not required when all are).

___ (4) ADA (ANSI) now requires both tactile and
visual (with contrast) graphics. Graphics
may be mounted on the push side of doors,
on side (pull side) of doors (18"), or on near-
est adjacent wall when no space is available
by the door. Visual graphics (except for ele-
vators) are to be mounted 3'-4" to 5'-10"
above floor (with %”- to 1%"-high characters)
when viewed from up to 15';5'-10" to 10’ AF
(with 2"- to 2%"-high characters) when
viewed from 15" to 21'; and 10" AF (with 3"-
high characters + 4"/ft. beyond 21’) when
viewed from greater than 21'. Tactile and
braille graphics are to be mounted between
4" and 5" AF (except for elevators). Tactile
characters are to be %" to 2" high and braille
%" to %". Pictograms (of high contrast) are to
have 6"-high backgrounds.
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__ i Other common signs and symbols:

=
EXIT (L\ A | aa 3
EXIT) x) s e o
o
=\ :m N Y f )
e O AUTHORIZED, gﬁf “
oo s veciss
st F — ONLY
(SRS b)) | Lumien oren )] L::] J)
— ™~
1 5 '
NO
RESERVED VISITOR
PARKING
PARKING PARKING L______/
ANYTIME sTOP FIRE
—/ —) EXTINGUISHER
- N O N N ~N \
L —J \. ) \ J
PARKING PARKING NO PARKING FIRST AlD EMERGENCY
r - ~— 3 7 ~\
l ) 7 ’\’ #))
| 2 3 § 381 1
iy -.- PH ONE
nEmEn '
L l _J g N ) L.____——J ———
TELEPHONE  TEXT AGLEEHIBLE  VOLUME INFORMATION
TELEPHONE ~ FORHEARING  CONTROL
Lo TELEPHONE
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-~ J ) e
SMOKING NO SMOKING  RESTROOMS  WOMEN'S MEN'S
PERMITTED RESTROOM RESTROOM
4 ﬂ f
_,.r"r ™| v |
- STAIRS f
\— y, Y J LL',' e
STAIRS ELEVATOR EXIT STAIRS TAXI STAND  ESCALATOR
o ) ” 6 ™
= I
\__ J - w, \__ _J
CAR RENTAL  BUS STOP AIRPORT TRAIN LUGGALE.
STATION
—) ) 'S
) [ (=] (47 (@)
®
® o ol \ &
L___) \_ —J \ J
TICKET CURRENCY LOCKERS WAITING BANK/CASH
INFORMATION  EXCHANGE ROOM MACHINE
s ~ ) ( ( )
—— .3
= L )
Lo&T AND DINING CAFE
FOUND
ol =) r' ' )
® ®
{LG
DPRINKING LTTER COAT ROOM BARBER CHANGING
FOUNTAIN RECEPTACLE TABLE
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__D. FIREPROOFING (1 (5 (3

/

__ 1. See p. 94 for requirements.
___ 2.Thicknesses (in inches) of fire resistance structural mate-
rials will give hourly ratings, as follows:

NON- COMBUSTIZAE cx |
ITEM 4 |2 2z e 1 oz $ |t 83
HOUR [HOUR |HOUR | Houg [Hove |vowg |T £ |S3¥
STEEL, OTRUCTURAL¥ |&— 1oER  |NoTE 3 BEowW—
LT 6A. Jowte EE
STUDS NOTE %
MN: [ i |oll
CONCRETE Lo o-a" | 'eun| Gn | 2 gy'/z“
SLABS PRl Bl LAY YL ~
POST TENSEN FLOOR Gt BY | 4% 3w ®
PRE-CAST (ONC. CoL. [ T - A B P
BEAMS q l/zll 74 i 44 g
WAL o4l et | s | 24 z%
SLAES et | ') 3h w3
PLANKS g+t | 3", &' | at, :@3
TE BMS TOPG | Bl 2% | | Yhrerne
BRICK MASONRY WAL, | -8 | &t &" &" 48
VAULTS, & DOMES " " "
(RGE NOT LEG ot & & 4
THAN Yiz 6PAN
C. MU MASONRY wais [dsovip] &' | at & | 4
\NOOD ¢ COLUMNG FLCoR 8%8
ROOF 6x8
BEAMS, FLOOR erio
ROOF 4x6
TRUSSES, FLooR: B*8
RoOF 4%6
\WooD DECK, FLOOR EX
RoOF 15 -2
l

* AT 20' ABOVE FLOOR, OFEN STEEL STRUCTURE WEG NOT NEED
FIRE. PROTELTION,

___ 3.Fire-resistive materials may be applied to structural mem-
bers to protect from fire. Use the above table, as well as the
following:

a. Concrete: 1" =2 hr.2" to3" =4 hr.

b. Solid masonry: 2" = 1 hr.,add 1"/hr to 4" = 4 hr.

c. Plaster:1”" =1 hr., add 1"/hr.

d. Vermiculite (spray-on): 1" =4 hr.

__e. Gypsum wallboard: 2 layers 72" type “X” or 1 layer of
%" type “X” =% to 1 hr.

Costs: Spray-on vermiculite: $3.60/SF surface/inch thickness
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___ 4.Flame Spread: The IBC requires finish materials to resist

the spread of fire as follows:

a. Maximum flame-spread class

INTERIOR FINISHES TABLE 803.4
TABLE 803.4
INTERIOR WALL AND CEILING FiNISH REQUIREMENTS BY OCCUPANCYK
SPRINKLERED' UNSPRINKLERED
Exit access Rooms and N Exit access
Vertical exits and corridors and enclosed Vertical exits and exit corridors and Rooms and
GROUP exit passagewaysa® other exitways spaces® passagewaysB.D other exitways enclosed spaces®

A& A2 B B C A A Be
A3 A4 A5 B B C A Ad C
B,EM,

R-1,R- B [ C A B C

F C c C 8 C C

H B B ce A A B

ki B C C A B B

12 B B B A A B

13 A Al C A A 8

14 B B BRi A A B

R-2 C C c B B [

R3 C C C C C C

s C [ C B B C

u No restrictions No restrictions

For S&: ¢ inch = 25.4 mm, | square foot = 0.0929

2. Class C inlerior finish materials shall be permitted for wainscotting or pancling of rot more than 1 (K square feet of applied surface area in the grade lobby
where applicd directly to a noncombustiblz base or aver furring strips applicd to  noncombustible base and Fireblocked as required by Scction 803.3.1,

b, In vertical exits of buildings less than three stories in height of other than Group 1-3, Class B interior finish for unsprinklered buildings and Class C interi-
or finish for sprinklered buildings shall be permitted.

¢. Requirements for rooms und enclosed spaces shall be bascd upon spaces enclosed by purtitions. Where a fire-resistance rating is required for structural ele-
meats, the enclosing partitions shall extend from the floor 1o the cefling. Partitions that do not comply with this shatl be considered enclosing spaces and
the ooms or spaces on both sides shall be considered one. In i

the applicable

pancy thereof shall be the ing factor
. Lobby areas in A-1, A-2 and A-3 occupancies shall not be less than Class B nuaterials.

. Class C interior finish materials shall be permitied i places of assembly with an ovcupunt loud of 300 persons of less.

" For churches and places of worship, wood used for omamental purposcs, trusses, paneling or chancel furnishing shall be permitted.

. Class C interior finish materials shall be permitted in administrative spaces.

. Cluss C mterior finish materials shall be permitted in rooms with a capacity of four pessons o Jess.

for rooms and enclosed spaces, the specific occu-
of the group classification of ihc building or structure.

j. Class B materials shall be permitted as wainscotting extending not more than 48 inches above the fintshed floor in cxit access corridors.
. Finish materials as provided for in other sections of this code.

d.
e.
f.
g. Class B matcrial required where building exceeds two stories.
h.
i
)
k
!

. Applies when the vertical exits, exit passageways, exit access comidors or ealtwisys, or sooms and spaces afe protected by & sprinkler system installed in
accordance with Section 903.3.1.1 or Section 903.3.1.2.

2000 INTERNATIONAL BUILDING CODE®

___ b. Flame-spread classification

Class

Flame-spread index

A
B
C

0to25
26 to 75
76 to 200
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__ ¢ Use finishes to meet above requirements

__ (1) For woods, see p. 351.

__ (2) Aluminum:5 to 10

___ (3) Masonry or Concrete: 0

__ (4) Gypsum wallboard: 10 to 25

__(5) Carpet: 10 to 600

___ (6) Mineral-fiber sound-absorbing panels:
10to0 25

__(7) Vinyl tile: 10 to 50

___ (8) Chemically treated wood fiberboard: 20 to 25

__ (9) Certain intumescent paints can reduce the
flame spread of combustible finishes to as
low as class A.

___ B.Floor Finishes: Most floor finishes present little if any haz-
ard due to flame spread. Carpet is the exception.

Types:

Class I (radiant flux of 0.45 W/ecm? or more) more
resistant to flame spread. This is usually of a low pile
and/or natural fiber.

Class II (radiant flux of 0.22 W/cm?) less resistant.
This is usually of a high pile and/or synthetic fiber.
Sprinklers can allow Class II where I is required.

___ 6.Trim and Decorations on Walls and Ceilings:

Must be at least Class C.

Limited to 10% of area (except sprinklered audito-
riums may be up to 50%).

At Group I-3 occupancies, only noncombustible
materials allowed.

At Groups A, E, I, R-1, and R-2 dormitories,
only flame-resistant or noncombustible materials
allowed.

__ 7.5ee p. 342 for fire-retardant-treated wood.

___ b.FirelLoads: Interior building contents that will start or con-
tribute to a fire. These typically range from 10 (residential)
to 50 PSF (office), and can be reduced 80% to 90% by use
of metal storage containers for paper.
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Fire Extinguishers:

FIRE CLASSIFICATIONS FOR
SELECTING FIRE EXTINGUISHERS

LETTER

SYMBoL

AND PICTURE

CoLOR sYMBoOL DESCRIPTION
GREEN CLASS A FIRES INVOLVING ORDIN-

P>

ARY COMBUSTIBLE. MATERIALS
(9UCH AS WOOD, CLOTH, PAPER,
RUBEER, AND MANY PLASTIC &)
THAT REQUIRE. THE HEAT ABSOR®-
ING (COOLING) EFFECTS OF WATER
OR WATER 50LUTIONS, OR THE.
COATING EFFECTS OF CERTAIN
PRY CHEMICALL THAT RETAIRD
COMPUSTION,

RED

CLASS & ¢ FIRES INVOLVING FLAM-
MABLE OR (DMBUSTIBLE LIQUIDS
FLAMMABLE. GAZES, GREASES AND
SIMILAR MATERIALS THAT ARE
BEST EXTINGUISHED BY EXCLUD-
ING AIR (OXYGEN), INHIBITING THE
RELEASE. OF COMBUSTIBLE VAPORS
OR INTERRUPTING THE COMBUSTION
CHAIN REACTION.

BLUE

CLASS C© FIRES INWUWING ENER-
GIZED ELECTRICAL EQUIPMENRT
WHERE SAFETY TO THE OPERAT-
OR REQUIRES THE UoE OF ELECT-
RICALLY NONCONDUCTIVE EXTING
VISHING AGERTS,

YELLOW

oo

ClA%% D : FIRES INVOLVING COM-
PUsTIBLE METALS (SDUCH AS MAG™
NESIUM, TITANIUM, ZIRCONIUM,
Z0D1UM, LITHIUM, AND FOTAS-

SlUM).
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Costs: Fire extinguishers: $115 to $300/ea
Cabinet: $120/ea
Hose & Cabinet: $265/ea

___ 10.Keep in mind that for life safety, smoke control in buildings
is as important as suppressing fire.



__E. OPERABLE PARTITIONS (s

__ 1. Types
‘A A A £ & ormex
o
CENTER TRACK M’
STACKING WITH
EDGE TRACK  sckiNG RCKET  SWITCHES
_ 2.Data

___ (1) Stack widths:
__ (a) Accordion: 5" to 12"
__ (b) Panels: 15" to 17"
__ (2) Stack depths: Usually % to % of opened width.
___ (3) Panels usually 48" wide.
__ (4) Acoustic: STC 43 to 54 available.
__ (5) Flame spread: Class I available.
Costs:
___ Folding, acoustical, vinyl, wood-framed: $75.00 to
$100/SF (70% M and 30% L) Variation: -35% to

+50%.
___ Accordion, vinyl-faced: $18.50 to $43.80/SF, Variation:

+20%

__F. BATHROOM ACCESSORIES

Costs given are for average quality. For better finishes (i.e., brass),
add 75% to 100%:

___ Mirrors $35/SF (90% M and 10% L)
variation of +25%
__ Misc. small items $20 to $35/ea. (double, if
(holders, hooks, etc.) recessed)
___ Bars

Grab  $40 to $55/ea.
Towel  $20 to $35/ea.

___ Medicine cabinets $95-$120/ea.

___ Tissue dispensers $35 to $70/ea.

___ Towel dispensers $155 to $480/ea. (increase by
2% times if waste receptacle
included)

450



__G. SUNCONTROL 4

__ 1. Types
___a. Horizontal (usually best on south side)

‘ HANG W/
i AREEN HorZ. Lowees

___ b. Vertical (usually best on east and west sides)

i T
FING ANGLED FiNG MOVABLE FIN%

___ ¢ Egg crates (best for hot climates)

Costs:

___ Canvas awnings  $57.50 to $130/SF (70% M and 30% L)
Variation -75%, +300%
Other types of awnings (alum.,
painted, plastic, or security) are 1%
to 2% times.

__ Cloth patio covers ~$4.80/SF (55% M and 45% L)

___ Maetal carports See p. 265.
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__ A. RESIDENTIAL KITCHENS

(See p. 193, Energy Conservation)

REFRIGERATOR
53“\//)( 52“0 X 66HH
B840 70 BZedo

DISHWASHER
2%\ ¥ 24 v x 220 H
Béaw 70 $990

(5)

~
1
1
R
[
!
1
1
!
]
1

¢. SINK

B480 70 £790

D. RANGE/OYEN
264 W x 27"p x 26"H
Br200 T0 H3300

E. ‘WALL OVEN (MCROWAVE)
75 "w x 220 ¢ 18' 14

(CUPBOARDZ USUALLY ABOVE. ¢ BELOW
2280 70 BEOO

CLYTS s (410 GE.)
WALL CAB. $85/4F
BAGE CAB. B/55/LF

o NTER. 2 95
<] Sl #5404
S ¢ 70/ M fodL)
™ VARIATIONS 2
o 12t PrEM, CR $E5AM
3 LcoN. GR ~454H
ki
K R = REFRIGERATOR
— C = COOKING- (RANGE/OVEN)
S = SINK.
SELT. THRU COUNTER  pw = DIGHWAGHER
WO = WALL OVEN

l 18" 1o 24°
EITHER SIDE
OR 2" TO

42 To NEXT

NOTES:

l, TOTAL LENGTH OF
WORK TRIANGLE
23 TO 26 LF,

2, 5SMALL KITCHENS:
10 T 20 LF COUNTER /EG.

3. MIN. I85F OF STOR,
SFACE + &P/ PeRGON
SERVED,

455



__ B. RESIDENTIAL LAUNDRIES (5
A WASHER 5 1k

26"w x 25D x 26" H 1
2 b0 1 {

! work area L
B PRYER L |

;7;\;10; 25'p X 26" H T
o © (<3 [=]
Ol g
___iz'-zo‘
ToP LoAp FRONT LOAD

ADA /ANE| ACCESSIBLE
LAUNDRY EQLIPMENT

__ C. MISCELLANEOUS COSTS

456

(Also see item F, p. 621)

Bank Counter
Barber
Total equipment
Cash Register
Commercial Kitchen Equip.
By area:
(Office)
(Restaurant)
(Hospital)
By item:
Work tables
Serving fixtures
Walk-ins

$2400 to $6000/teller

$3000 to $6360/chair
$660 to $3000/reg.

$82 to $130/SF Kkit.
$100 to $165/SF Kkit.
$100 to $180/SF kit.

$320 to $400/LF

$330 to $425/LF

$60 to $200/SF (add $1900/
ton for refrigeration
machinery)



. Library

Shelf
Carrels
Card catalog

. Religious

Wood altar
For pews, see p. 462

. Safes

(Office) 4 hr.,
1.5 x 1.5' x 1.5’
(Jeweler’s) 63" x 25" x 18"

. Theater

Total equipment
For seating, see p. 462

. Trash Compactors
. Vacuum Cleaning Equip.

Miscellaneous Costs 457

$150/LF (-20%, +10%)
$825 to $960/ea.
$120/tray

$1800 to $10800

$4200
$25000

$100 to $600/SF stage
$11400 to $12800/ea.

$930 for first 1200 SF; then
add $0.15/SF



NOTES




INTERIORS



NOTES




__A. GENERALCOSTS (K (U, (W) 5 12 (27

Costs for furniture and interior objects will vary more than any
other item for buildings. These can vary as much as -75% to
+500% (or more). Costs given in this part are a reasonable middle
value and are “for trade” wholesale. Retail can go up 60% to
175%. Cost location factors given in App. B, line V will not apply as
furniture costs are rather uniform across country.

__ B. MISCELLANEOUS OBJECTS

or triple landscape costs.

mendations. Check for following:

__a. Flammability

. Artwork (photos, reproductions, etc.): $60 to $330/ea.
. Ash urns and trash receptacles:
. Blinds:

. Draperies:

. Rugs and mats:

. Interior plants: see p. 267. For artificial silk plants, double

$120 to $380/ea.
$5.50 to $8.80/SF
$25 to $135/SY
$25 to $130/SY

. Fabrics: Association of Contract Textiles (ACT) recom-

Upholstery must pass CAL 117.
Drapery must pass NFPA 701.
Wall covering must pass ASTM
E-84.

. Abrasion resistance

IAE]

a A Test
15,000 30,000 Wyzenbeek
double rubs double rubs 40,000 Martindale

. Colorfastness to light

Must pass Class 4 (40 to 60 hours
exposure for UV).

. Colorfastness to wet and dry

crocking (Pigment colorfastness
in fabric). See p. 428 for color.

461
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e.

Miscellaneous other physical properties

__ (1) Brush pill test: measures
tendency for ends of a —iD
fiber to mat into fuzz balls. }\/

__ (2) Yard/seam slippage test: \
establishes fabric’s likeliness
to pull apart at seams. Must pass 25 Ibs for
upholstery and 15 1bs on drapery.

__ (3) Breaking/tensile strength test: evaluates
fabric’s breaking or tearing. Must pass:
Upholstery 50 Ibs
Panel fabrics 35 1bs
Drapery over 6 oz 25 1bs

under 6oz  151bs

__ C. FURNITURE

(Also see Item F, p. 621)
__ 1. Miscellaneous

Theater $155 to $295/seat
Church Pews $85 to $145/seat
Dormitory $2520 to $4680/student
. Hospital Beds $1090 to $1770/bed
Hotel $1980 to $10360/room
Multiple Seating
Classroom $85 to $155/seat
Lecture Hall $165 to $480/seat

Auditorium $130 to $265/seat
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___ 2. Lliving/Waiting

Note: Desirable conversation area is a 10’ diameter.

1
LOUNGE CHAIR p l 34" x 34"
Bf;xgé‘ | £540
21}
[INLIVING

IS
S50FA —— ) ¢ Flloo
36" x 4
#2400
COFFEE TABLE 3 £540
30“ x 60“
So600
24" x 30"
SpETABLE | 0O O fod0
27" % 36"
#300 TABLE LAMPJ T_ FLOOR. LAMP
Res. 8180 4275
LoH. # 100

2 10 24"

+ 32"

=

TYP_SEAT DIMENSIONS

ADA ACCESIBLE. SEATING REGVIREMENTS
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__ 3.Bedroom/Guestroom

RESIDENTIAL

SIDE TABLE
2+"X 50"
£2/0

COMMEACIAL

2 /50

Bep
SEL BElOW

WRITING TABLE.
24' x 48"
£6oo

CHEZT OF
DRAWERS

24" x 72"
£780

BED SizZES

KiNg
QUEEN
DovsBLE
5INGLE.
DAY BED
CRIB

SEE BELOW

w
72
60
54
39
30
30

2480

82
82
YA
75
53

LOST 2 Bevs 2 600 TO $/200/EA

Catlieets oot addid .’..A\?
$/00 o 7400+ vor 2et)
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__ 4. Dining/Conference
RESIDENTIAL COMMERLIAL
CHAIR ARMLESS
UPHOSTERED W/ARMY 20" x 20"
28" x z8* = 19 5285
[\
£u5 NS
DINING TABLE —1> ra £720
WaoP, & sEATS
42" x @0" — NOTE: FOE EYERY
5300 DODED 74“IN Lawér
400 $/80.
BUFFET ENCLOSED CABINET
Zau X 72#
%1500
__ bB.Restaurant Seating H  E
vl
o
BANQUETTE = 7 ET :lr
#/5/LF
(ABLES o cHAamrs G L) MIN. NGO,
EXCLVPEDD. (@ ——TJ: g 51 6-2"
all ONE / SIOE
BUOTH /}' | L L—) - Z/l TO Z'—@"
£30/LF pEPTH ! ) o welrre
(TaBLE § BasE © ¢ 3104
EXCLIDED) EyE D 2-6%
LU LT e
5 s F A4
TABLES G BOOTHOR TWO TOP:
i — s e D [: T ’:] 7' 2-6"
— G iR ToP: B
cHme 3160 £ “ :oTDKP'5'-IO"TD é
477P HKE $/BO BT0F : 610" 0 7"
o I W N
(oEtVLT Y I 270 16"

A0 4 FIR & TH)
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__ ©6.0ffice

CREDENZA
24_“ X 72“
#2400
EXECUTNE CHAIR
28'w x 30'p
£720

T

—

DESK
36" x 72"
42880

-~

OPEN QOFFICE MUDULE
470 8-6" 5

CO5TE:

$5707v 95245 /Pegson

-
R |

—
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I ¢ CEILING

I 24 EXTeRIOR POOR.
IR 20 (NTERIOR DOOR

SRR 40 8AR COUNTER-
® 3% Yoor KNOB
R 27 COoINTER

W 24 TABLE / VESK
W 05 COMPyTEL. KEY G0ARD

RN 4 OccAsioNAL/
LOFFEE TABLE

IR 2 0B CLEARANCE

HEIGHTS

MR 36 EXTeRI0R o
SRR 37 INTERIOR R

G |5 Covetee TP
GENES 20 Deost TP

GRS (3 SeaT CEFTH

WIOTHS
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WORKSTATION

4{.’
52
70.5

t ll INL + B

ARTITON HEIGHTS




(VA4

CONFERENCE

CORRIPOR /CLEARANCE




LY

REACH , BEND
TRUNK- rgfmeo

277

OFPT, STOBAGE

N

1

OVERHEAD/ UNDER COUNTER REACH



(944

A e 6 HATS

76

® 1

B JACKETH, SKIRTY,
BLOVGES & SHIETS

15 OVeRconTS,
DRELGEL

Il EVeNING DResses

CLOSET

HIDE REACH

OVER AN 0BSTRUCTION
(AT DesKk)

A= 4% MAX , HieH

B (5 MIN, LoW

X = 2502 L%, THEN
Z= eSS oR = X

X = LESS THON 20
Yz &% MAX

Xz 20 TO 25
Y= 44-

FORWARD REACH

\WHEELCHAR (ADA)
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__ A. ROOF STRUCTURE ASSEMBLIES @

1.

Use the tables on pp. 478-481 to help select a roof struc-
ture assembly. See p. 373 for roof coverings. Cross-sections
on each table illustrate various assemblies, with depth of
assembly in inches. Columns bearing the following num-
bers on each table show:

. Standard member sizes in inches

. Dead loads in pounds per square foot

. Suitable live load range in pounds per square foot
. Span range in feet

. Typical bay size in square feet

. Suitable for inclined roofs:

Y =yes
N =no

. Service plenum notes

Between structural members
Under structure

. U value (without insulation)
. Acoustical: Comparative resistance to sound transmission:

Impact E = Excellent F = Fair
Airborne G = Good P = Poor

. Fire rating in hours
. Construction type classification by code (IBC)
. Total costs in $/SF of roof area

477
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__B. FLOOR STRUCTURE ASSEMBLIES (5

1. Use the tables on pp. 484-487 to help select a floor struc-
ture assembly. Cross-sections on each table illustrate vari-
ous assemblies, with depth of assembly in inches. Columns
bearing the following numbers on each table show:

2. Standard member sizes in inches

3. Dead loads in pound per square foot

4. Suitable live load range in pounds per square foot

B. Span range in feet

6.Typical bay size

7. Service plenum notes

Between structural members
Under structure
&. Acoustical: Comparative resistance to sound trans-

mission:
Impact E = Excellent F = Fair
Airborne G = Good P = Poor
__ 9. Fire-resistive ratings, in hours, per code and Under-
writers:

__10. Construction type classification by code (IBC)
11. Total costs in $/SF of floor area
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__C. WALLS 5

__ 1. Use the tables on pp. 490-491 to help select a wall assem-
bly. See Part 9 for finishes. Cross-sections on each table illus-
trate various assemblies; columns bearing the following
numbers show:

___ 2. Overall thickness in nominal inches

__ 3. Weight in pounds per square foot

___ 4. Vertical span range for unsupported height in feet

__ B.Heat transmission coefficient U value in BTU/hr/SF/°F
(see p.368)

__ ©.Resistance to airborne sound transmission (see p.211)

___ 7. Fire resistance rating in hours (see pp. 94 and 445)

__ 8.1BC construction type (see p. 93)

__ 9.Costs in $/SF of wall surface (one side). Wall finishes
(paint, etc.) are not included.
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__A. ELEVATORS (13) (16

81

TN

Per A.D.A. one elevator is required in any building more than
3 stories high or with more than 3000 SF of area on each floor.

Costs:
Passenger elevators

Hydraulic freight
elevators

1. Hydraulic: The least expensive and slower type. They are
moved up and down by a piston. This type is generally used
in low-rise buildings (2 to 4 stories) in which it is not neces-
sary to move large numbers of people quickly.

AS RIGE
oF
?(5T0:E:[\ SHAFT
N

SELTION

$61,200 (50 fpm, 2000 Ibs) to $76,800
(150 fpm, 3000 Ibs) per shaft. 3 stops,

3 openings. Add: 50 fpm/stop = +$4200;
500 Ib/stop = +$4200; stop = +$6300;
custom interior = +$6000.

$68,100 (50 fpm, 3000 Ibs) to
$103,300 (150 fpm, 6000 Ibs).
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___ 2.Traction Elevators: Traction elevators hang on a counter-
weighted cable and are driven by a traction machine that
pulls the cable up and down. They operate smoothly at fast
speeds and have no limits. Typically, penthouse floor area
equals twice the shaft area. A machine room is located
either next to the penthouse or on any floor next to the
shaft. The shafts, penthouse, pit, and landings are all major
special components in the building and often comprise
more than 10% of its costs.

MACH,
0 i\ t
[ 10" MiN
| % N - k-
MACY 1 Q ‘9
R,
N
3 &
e | ES
ML FIY
g % olR -5 1620
T s___‘ '
SECTION PLAN

i 3

MACHINE. TRACTION CONRTROL

8‘ ROOM MACHINE. ﬂ s
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Costs:
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Passenger elevators/shaft $79,200 (50 fpm, 2000 Ibs) to

Freight elevators
(2 stops)/shaft

$152,400 (300 fpm, 4000 Ibs) for
6 stops, 6 openings. Add: stop =
+$4800; 50 fpm/stop = +$2400;
500 Ib/stop = +$2400; opening per
stop = +$5400; custom interior =
+$5760.

$120,000 (50 fpm, 3500 Ibs) to
$141,600 (200 fpm, 5000 Ibs).

__ 3.Elevator Rules of Thumb

_
—®

— 3
—®

—®

—_(6)

— O
__ (¥

a. Commercial

One passenger elevator for each 30,000 SF
of net floor area.

One service elevator for each 300,000 SF of
net floor area.

Lobby width of 10" minimum.

Banks of elevators should consist of 4 or
fewer cars so that people can respond easily
to the arrival of an elevator.

In high buildings, the elevator system is bro-
ken down into zones serving groups of
floors, typically 10 to 15 floors. Elevators
that serve the upper zones express from the
lobby to the beginning of the upper zone.
The elevators that serve the lower zones
terminate with a machine room above the
highest floor served.

Very tall buildings have sky lobbies served
by express elevators. People arriving in the
lobby take an express elevator to the appro-
priate sky lobby where they get off the
express elevator and wait for the local ele-
vator system.

Lay out so that maximum walk to an eleva-
tor does not exceed 200'.

Per ADA, accessible elevators are required
at shopping centers and offices of health
care providers. Elevators are not required in
facilities that are less than 3 stories or less
than 3000 SF per floor. But, if elevators are
provided, at least one will be accessible (see
p-502).
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__ b. Residential

__ (1) In hotels and large apartment buildings,
plan on one elevator for every 70 to 100
units.

__(2) In a 3- to 4-story building, it is possible to
walk up if the elevator is broken, so one
hydraulic elevator may be acceptable.

__ (3) In the 5- to 6-story range, two elevators are
necessary. These will be either hydraulic
(slow) or traction (better).

___ (4) In the 7- to 12-story range, two traction ele-
vators are needed.

___ (5) Above 12 stories, two to three traction ele-
vators are needed.

___(6) Very tall buildings will require commercial-
type applications.

__(7) Plan adequate space and seating at lobby
and hallways.

___ ¢ Where elevators are provided in buildings of 4 sto-
ries or more, at least one must accommodate an
ambulance stretcher.

__d. ADA-accessible elevators (see item 8, p. 501):

le @'-8 " stg' N

l 2-¢" y
CENTER DOOR OFF CENTER,
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__ B. ESCALATORS

Escalators require % the floor area of elevators to deliver the
same passenger loads, need not have pits or penthouses, and
can traverse tall floor-to-floor heights. But above 2 levels, rid-
ers prefer elevators.

<

INTERMEDIATE
SUPPORT REQ'R
WHEN RIGE EX-
CEEDS 18,

‘ 2 I{ 11722 ¥ RISE

NORMAL WIDTH

NORMAL WIDTH OVERALL WIDTH

s
- 4'8” 5\_ 4_“
~

l OVERALL

WIDTH

Typically, ceiling-to-floor heights are 4’ due to underside
machinery at each end. Risers are 8" and step slopes are 30°.

Costs:
Escalator costs range from $106,500 for 12’ rise, 32" width, to
$167,400 for 25’ rise, 48" width. For glass side enclosure add

$13,800 to $16,200.
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Rules of Thumb

. All escalators rise at a 30-degree angle.

. There needs to be a minimum of 10’ clear at top and bottom landings.

. Provide beams at top and bottom for the escalator’s internal truss

structure to sit on.

4. The escalator will require lighting that does not produce any distort-
ing shadows that could cause safety problems.

5. Escalators need to be laid out with a crowded flow of people in mind.
Crossover points where people will run into each other must be
avoided.

6. Current trends in the design of retail space use the escalators as a
dramatic and dynamic focal feature of open atrium spaces.

7. Because escalators create open holes through building floor assem-

blies, special smoke and fire protection provisions are necessary.
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__ A. THE PLUMBING SYSTEM

(B) (1) 5 (100 13 (27) (32) (34 (35

See p. 259 for exterior utilities.
See p. 512 thru 514 for toilet rms.
See p. 526 for fixture count 2009 IPC and p. 533 for UPC.

The following systems need to be considered:
___ 1. Fixture count by code
__ 2. Water supply (p. 516)

__ 3. Plumbing fixtures (p.517)

__ 4. Sanitary sewer (p.518) el
__ B.Rain water/storm sewer 6.5
(p-519)

__ ©.Fire protection (p.521)

__ 7. Landscape irrigation -
(p-525) 0 =i

__ 8.Gas (p.525) ]

__ 9. 0Other specialties l(’“&“—){
(process, etc.)

EER— q
A tO1_1A )]
B
E 2;—)}—)] E _H |4
| P A—
WATER, CLOSET BIDET LAVATORY
A

e S

A\
~
-
1
1
]
o

v ey
——— c
SHOWER TUB R TR S

FIXTURE. SIZES AND CLEARANCES (INCHES)
FIXTURE A e < 2 l E

MIN. LI, | MIN{LIB, | MINL | LIB, | MIN. LB, Min, L,
WwaTER ¢.| 27|30 |wa |2t | w1 | 1B 22 18 [34-3¢
BIDET 25|27 |14 ] 14 ] 12 |18 1] 22 18 |34 - 36
LavaTory]l 16 | 21 L 11 30| 2 6| 14 | 22 18 30
SHOWER. | 32 | 36 |34 26| 2 8 16 34
TUB R |60sm| 72 |%0sw| 42| 2 | 8 |18-20|30-34] 2 8
Te 5 36| (39 2 | 4

NOTE: FOR H.C. ACCESSIBILITY, SEE FOLLOWING PAGES
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TO\LET ROOMS
SINGLE Ueaa';!’p La-tl'w PUBLIC TOILET
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ACCESSIBLE FIXTURES (apad
WATER CLOSETS .
L‘b"‘&

i 2'Mal. P
1618 Z ite" L. l‘i: * ”
MI N. Y l\* Mlh\A .,

T £
i E@
= { ~u'\ o ——'_—l
e .
‘_ 5' MiN.
4 M
-5
MIN,

=N
‘3! m!.l
1
2L5Y MiIN,
10" Max.
MAX
2-&
MIN

3‘ ]

)

2

A R |
V =1 E]!
& \ | e
" MAX,
G'ax. 9" MiN. '

MIN.
H_é“mm. 4

DRINKING FOUNTAINS

10

2
i-s'o 7" T

I
i

" MAX. quT‘ MIN.
&' MiIN.




The Plumbing System 515

Costs: As a rough rule of thumb, estimate $1250 to $2000/fixture
(50% M and 50% L) for all plumbing within the building.
Assume 30% for fixtures and 70% for lines. Also, of the
lines, assume 40% for waste and 60% for supply. For more
specifics on fixtures, only:

Residential
Fixture Low Medium High Commercial
WC $200 $550 $935 $110 to $330
Lavatories $150 $280 $500 same
Tub/shower $500 $750 $2000
Urinals $275 to $660
Kitchen sinks $200 $500 $800

Initial cost is typically only a portion of projected life cycle costs. In
commercial buildings a fixture’s cost is usually no more than the cost to
maintain it for a few months, so any fixtures that reduce maintenance
cost usually pay for themselves quickly. When renovating existing build-
ings, all old piping should be thoroughly cleaned or replaced.

___ 1. Fixtures Required by Code

Presently, two plumbing codes rule: the International
Plumbing Code (IPC; usually associated with the IBC build-
ing code) and the Uniform Plumbing Code. You will need
to know which code governs to determine your required

fixture count.

__a. IPCRequirements:

(1) See p.526 for fixture count table.

__ (2) Urinals may be substituted for water closets
up to 67%.

___ (3) Number of users based on occupant load by
the IBC. Usually this will be split 50% for
each sex.

___ (4) Separate toilets for each sex are not required
for private facilities or where occupant load
is less than 15. Can use a unisex toilet.

___ (5) The IBC requires an extra unisex toilet at
assembly and mercantile occupancies when
the combined fixture count is 6 or more
water closets.

__ (6) Toilets for public must be within 500" (300" in
malls) and not more than 1 story above or
below.
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___ (7) Toilets for employees must be within 500’
(300’ from tenant space) and not more than
1 story above or below.

___ (8) The IBC does not allow toilet rooms to
open directly to food service kitchens.

__ b. UPCrequirements:

(1) See p.533 for fixture count table.

__ (2) The number of users is based on occupant
load determined by the building code and is
split 50% for each sex, except in residences
and where occupant load is 10 or less (in
which a single-user toilet may be used).

___ (3) Toilet rooms must be no more than 1 story
away.

___ (4) Toilet rooms used in private offices do not
count toward the number required.

__ (5) Business and mercantile occupancies:

__ (a) A single-user toilet may be used
when area is not more than 1500
SE.

___ (b) Customer and employee toilets
may be combined but must use
count that is highest in each type.

__ (c) For stores, toilet rooms for cus-
tomers cannot be more than 500
away. But at stores of 150 SF or less,
employee toilets cannot be more
than 300" away.

___ (6) Food service establishments: When occu-
pant load is 100 or more, must have sepa-
rate toilet rooms for customers and em-
ployees.

___ (7) Water conservation required as follows:
Water closets: 1.6 gal/flush, max.
Urinals: 1.0 gal/flush, max.
Lavatories: 2.2 gal/min, max. (or not

more than % gal per use).

Kitchen sinks: 2.2 gal/min, max.

Shower heads: 2.5 gal/min, max.

__ 2. Water Supply

There are four kinds of water demand: occupancy, special
loads, climate control, and fire protection. The water supply
is under pressure, so there is flexibility in layout of the water
main to the building. In warm climates the water meter can
be outside, but in cold climates it must be in a heated space.
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For small buildings allow a space of 20" W x 12"D x 10"H.
After entering the building the water divides into a hot- and
cold-water distribution system at the hot water heater. For
small buildings allow for a gas heater a space 3' sq. dia. x
60"H and for electric heaters, 24" dia. x 53" H. Where bath-
rooms are spread far apart, consideration should be given to
multiple hot water heaters or circulated hot water. Provide
30" x 30" space in front of appliances for maintenance.

Residential: $660 to $1980/ea.
Commercial: $1980 to $3960/ea. (80% M and 20% L).

Electric is cheaper for small buildings but high for large
buildings.

If the water is “hard” (heavy concentration of calcium ions),
a water softener may be needed. Provide 18" dia. x 42" H
space.

~ $890

If water is obtained from a private well, a pump is needed. If
the well is deep, the pump is usually at the bottom of the
well. For this case provide space for a pressure tank that is
20" dia. x 64"H. If the well is shallow (20’ to 25" deep) the
pump may be provided inside the building. Space for pump
and tank should be 36"W x 20"D x 64"H.

$185 to $265 per LF of well shaft

Water supply pipes are usually copper or plastic and range
from 2" to 2" for small buildings, but 2'~>" to 6" for larger
buildings or higher-water-use buildings. Hot and cold pipes
are usually laid out parallel. Piping should be kept out of
exterior walls in cold climates to prevent winter freeze-ups.
The cost of insulation is usually quickly returned by savings
in reduced heat loss. As the pipe diameter increases, this
becomes more so due to greater volume and surface area.
The city water pressure will push water up 2 or 3 stories.
Buildings taller than this will need a surge tank and water
pressure pumps. This equipment takes approximately 100 to
200 SF of space.

$6000 to $24,000

Plumbing Fixtures

The men’s and women’s restrooms need to be laid out to
determine their size and location in the building. Economi-
cal solutions are shared plumbing walls (toilet rooms back
to back) and for multistory buildings, stacked layouts.




518

The Architect’s Portable Handbook

Costs:

4.

In cold climates, chases for plumbing lines should not be on
exterior walls, or if so, should be built in from exterior wall
insulation.

Public buildings should have one janitor sink per 100 occu-
pants, on each floor.

See p. 515.

Sanitary Sewer
Sewage flow is usually considered to be 95% of supply water

flow. Horizontal runs of drainage piping are difficult to
achieve inside the building. Pipe pitches should be at least
%" /ft. Straight runs should not exceed 100’ for metal (or 30’ for
plastic) piping. Cleanouts should be located at every direction
change exceeding 45°, and every 50 to 100". The best arrange-
ment is to bring the plumbing straight down (often along a col-
umn) and make connections horizontally under the building.
Piping should not pass within 2 vertical feet above any elec-
trical service unless contained in secondary piping.

The sanitary drainage system collects waste water from the
plumbing fixtures, which flows by gravity
down through the building and out into FIXTURE

the city sewer. Because of the slope
requirement, long horizontal runs of drain-
age pipe will run out of ceiling space to fit
in. Ideally, sanitary drainage pipes (called P TRAP

plumbing stacks) should run vertically
down through the building collecting
short branch lines from stacked bath-
rooms. A 4" stack can serve approx. 50
WCs and accompanying lavatories. A 6"
stack can serve approximately /50 WCs and lavatories. Pipes are
typically of cast iron or plastic (ABS). Each fixture is drained
through a “P” trap with a water seal. This, and venting the system
to the roof, keeps sewer gases from entering the building.

The building drain runs horizontally under the building col-
lecting waste water from multiple vertical stacks. A 4" to 6"
pipe requires a minimum slope of /%, and an 8" pipe
requires a minimum slope of #2%. The lowest (or basement)
floor elevation needs to be set higher than the rim elevation
of the next upsteam manhole of the sewer main. If the build-
ing drain is below the sewer main, an automatic under-
ground ejector pump is needed.

At sites where city sewer mains do not exist, a septic system
will be needed. The size and configuration of private disposal
systems vary widely depending on soil conditions, topography,
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local laws, and the regulated capacity of the system. The most
common type includes a septic tank (usually 1000 to 1500 gal-
lons) and a disposal field of open-joint pipe below the ground
which should slope /s to %"/ft (max.). Soil saturation at the
wettest time of the year determines final design. The lowest
part of pipe trench must lie above the highest water table
level. As a starting point, allow an area of nearly level ground
40" x 80" with short side against building. No part of this area
may be closer than 700’ to a well, pond, lake, stream, or river,
or 8 from a building. Both tank and field are best located in
grassy open areas, and not under parking or drives where
heavy loads could compact the soil above. Also see p. 252.
Water reclaimed (graywater) from certain plumbing fixtures
as well as runoff from roofs, parking areas, and driveways
may be reused after minor treatment, in fire sprinklers, for
toilet flushing, in numerous industrial operations, as well as
for landscape irrigation.

$13,800

Solid waste is often handled by a compactor for larger build-
ings. A compactor room of 60 SF is sufficient for a small
apartment building; 150 to 200 SF for a larger building; and
much larger for industrial. If a chute is used, plan on 15" to 30"
diameter, with 24" a typical dimension. Grease interceptors
are required for restaurants, cafeterias, and auto repair shops.

See p. 457.

. Rainwater/Storm Sewer

The rainwater that falls on the roof and the grounds of a
building needs to be collected and channeled into the city
storm drain system. If there is none, the site is drained to the
street or to retention basins (if required). See page 239.
The roof slope must be arranged to channel water to drain
points, where drainage pipes can carry the water down
through the building and out into the storm drainage system
(or sheet-drained on to the site).

The storm drainage water is kept separate from the sanitary
drainage water so the sewage treatment system will not
become overloaded in a rain. The following guidelines can
be used in planning a storm drainage system:

___a. “Flat”roofs need a minimum slope of 2%.

b. Except for small roof areas there should be more
than one drain point on a roof area.

¢.  Roof drain leaders are best located near exterior walls
or interior columns, not at midspans of the structures.
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Backup drains or scuppers should be provided in
case main drains become clogged. These should be
4" up slope or 2" above drain. For small buildings,
scuppers at exterior walls may be used.

At sloped roofs, water may shed off the edge, or to
avoid this, roof gutter and downspouts may be used.
Downspouts typically range from 3" to 6" in 1" incre-
ments. Common provision for average rain condi-
tions is I square inch of cross section for each 7150 SF
of roof area. Where parapets are long or tall, include
% of their surface area to catch driving rain from one
direction. Estimate area of sloped roofs as follows:

Pitch Factor
Level to 3"/ft 1.00
4" to 5"/t 1.05
6" to 8"/ft 1.10
9" to 11"/t 1.20
12"/t 1.30

Horizontal storm drain pipes have a minimum slope
of 1%.The best strategy is to route them vertically
down through the building, with a minimum of hor-
izontal lines.

For estimating drain lines and downspouts:

SF roof per
Intensity, inch/hr. sq. in, downspout
(see App. B,item J) or drain

600
400
300
240
200
175
150
130
120
110

= OOk W

—_ =

Gutters: Depth should be between % to % the width
but should be deeper where pitches exceed /i"/LF.
Minimum pitch should be “¢"/LF. Widths usually
range from 4” to 8”. Long runs should have expan-
sion joints at 60’ max. (at pitch peaks).
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i. Leaders or downspouts: Every roof plane should
have at least two in case one is blocked, and each
one should have a sectional area of at least 1 sq in
per 100 SF of roof (7 sq in min.). They should be 20’
to 50" apart.

Costs: $145 to $300/roof drain (for gutter and downspouts,
assume 72 to % cost)
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___ ©. Fire Protection
(See p. 261 for fire hydrants)

___a. A sprinkler system is the most effec-
tive way to provide fire safety.
Research indicates sprinklers will

extinguish or contain 95% of fires
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that start. Water supply and pressure are critical. At
a minimum, should have 1-hour water supply.
__ (1) The IBC requires sprinklers at certain
occupancies (see p. 94). Also see item I in
App. A.
___ (2) Sprinkler spacing (maximum coverage per
sprinkler):
__ Light hazard (Class I)
200 SF for smooth ceiling and beam-
and-girder construction
225 SF if hydraulically calculated for
smooth ceiling, as above
130 SF for open wood joists
168 SF for all other types of construc-
tion
At both sides of a fire barrier (hori-
zontal exit adjacent to egress door-
ways). See p. 92. Also, accessible
roofs require one outlet.
__ Ordinary hazard (Class II)
130 SF for all types of construction,
except:
100 SF for high-pile storage (12’ or
more).
___ Extra hazard (Class III)
90 SF for all types of construction
100 SF if hydraulically calculated.
___ High-piled storage (CHS) warehouses
containing combustible items that are
stored more than 15’ high.
__ (3) Notes
__ (a) Most buildings will be the 225 SF
spacing.
__ (b) Maximum spacing for light and
ordinary hazard = 15’
High-pile and extra hazard = 12’
__ (¢) Small rooms of light hazard, not
exceeding 800 SF: locate sprinklers
max. of 9’ from walls.
__ (d) Maximum distance from walls to
last sprinkler is /2 spacing (except
at small rooms). Minimum is 4".
___ (e) City ordinances should be checked
to verify that local rules are not
more stringent than IBC require-
ments.
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__ () The sprinkler riser for small build-
ings usually takes a space about
2'6" square. Pumps and valves for
larger buildings take up to about
100 to 500 SE
— (8) Types
___ 1. Wet-pipe (water is always in
pipe up to sprinkler head)
. Antifreeze
. Drypipe (water no further
than main; used where freez-
ing is a problem)
4. Preaction (fast response)
5. Deluge
6. Foam water (petroleum fires)

Costs: Wet pipe systems: $1.20 to $4.20/SF
For dry pipe systems, add $.60/SF.

SIAMESE FITTING

b.

Large buildings often -

also require a stand- T lL
pipe, which is a large- Sﬁ'l

diameter water pipe
extending vertically
through the build-
ing with fire-hose

STANDAIPE ALTEKMATE}

connections at every
floor. The system is either wet or dry. The IBC de-
fines three classes.

— M

— @

_ 0¥

Class I is dry with 2" outlets. There is a
connection point on every landing of every
required stairway above or below grade,
and on both sides of a horizontal exit door.
This type of standpipe is for the fire depart-
ment to connect their large hoses to.

Class II is wet with 172" outlets and a hose.
This type is located so that every part of the
building is within 30’ of a nozzle attached to
100" of hose. This type is for use by building
occupants or the fire department.

Class 111 is wet with 22" outlets and 17"
hose connections. These are located accord-
ing to the rules for both Class I and II.

Often, two Siamese fittings are required in
readily accessible locations on the outside
of the building to allow the fire department
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to attach hoses from pumper trucks to the
dry standpipe and to the sprinkler riser.

Also, when required, fire hose cabinets will
be located in such a way that every point on
a floor lies within reach of a 30’ stream from
the end of a 100" hose. A typical recessed
wall cabinet for a wet standpipe hose and
fire extinguisher is 2’9" W x 9"D x 2'9" H.

VALVE.
S
&
HOBE COMINET

C.

See UBC Table 9-A below for standpipe
requirements.

Fire alarm and detection systems: One of the most

effective means of occupant protection in case of a

fire incident is the availability of a fire alarm system.

An alarm system provides early notification to

occupants of the building in the event of a fire,

thereby providing a greater opportunity for every-
one in the building to evacuate or relocate to a safe
area. Where required (occupancies):

__ (1) Group A, when 300 or more occupants.

__ (2) Group B and M, when over 500 occupants.
Where more than 100 persons occupy
spaces above or below the lowest level of
exit discharge, a manual fire alarm must be
installed.

__ (3) Group E, where occupant load is 50 or
more.

__ (4) Group F, where multileveled and occupant
load is 500 or more is housed above or
below the level of exit discharge.

___(5) Group H, semiconductor fabrication or
manufacture of organic coatings.

___ (6) Group I, both manual fire alarm and auto-
matic fire detection system.

__ (7) Residential: Certain residential structures
require fire alarm and smoke detectors. This
applies to hotels and other R-1 buildings.
There is an exception to the required man-
ual alarm system for such occupancies less
than 3 stories in height where all guest
rooms are completely separated by mini-
mum 1-hour fire partitions and each unit
has an exit directly to a yard, egress court,
or public way. In R-2 buildings, alarms are
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required where more than 16 DUs are
located in a single structure, or DUs are
placed a significant distance vertically from
the egress point at ground level.

__ 7. Landscape Irrigation: See p.269.

___&. Gas: To allow for the gas meter and piping, provide a space
1'6"W x I'D x 2'H. Where natural gas is not available,
propane, butane, and other flammable gases can be used to
heat spaces and run stoves and hot-water heaters in homes,
low-rise apartments, and small commercial buildings. A typ-
ical installation is a large cylinder located just outside the
building and should be accessible by truck and well venti-
lated. The line to the building should be flexible (no iron or
steel) and, at best, 10" from windows and stairways.

__ 9. Solar Hot Water Systems
a. In U.S., average person uses 20 gal. of HW/day.
b. Mount collectors at tilt equal to about the site latitude.
. Typical collectors are 4’ x 8 and 4’ x 10".
d. Typical relationship between collector area and stor-
age volume is 7:3 to 1:7 gal. per SF of collector.
e. Type of systems

__ (1) Open loop, recirculation: The most widely
used system in climates where freezing is of
little concern.

__(2) Open loop, drain down: Includes valving
arrangement from collectors and piping
when water temperature approaches freez-
ing.

__ (3) Closed loop, drain back: Use of separate
fluid (such as water) circulated through col-
lectors where it is heated and transferred to
HW storage through heat exchanger.

__ (4) Closed loop, antifreeze: Most widely used
with heat exchanger.

___f Auxiliary heat: Typically an electric element in HW

tank top.

For rough estimates:

__ (1) Northeast U.S.: 60 SF collector and 80 gal-
lon tank will provide 50% to 75% need of a
family of four.

__ (2) Southwest U.S.: 40 SF of collector will do
same.

Costs: $4500 to $10,000 per system




92s

TABLE 403.1

MINIMUM NUMBER OF REQUIRED PLUMBING FIXTURES®
{See Sections 403.2 and 463.3)

| WATER CLOSETS DRINKING
: (URINALS SEE SECTION 41¢.2) LAVATORIES FOUNTAIN®!
: {SEE
BATHTUBS/ SECTION
NO. . CLASSIFICATION | QCCUPANCY DESCRIPTION MALE FEMALE MALE |FEMALE | SHOWERS . H0.1) QTHER
Theaters and other !
: 4 buildings for the 5 _ 1 service
i A-L performing arts and 1 per 125 1 per 65 1 per 200 1 per 500 sink
motion pictures
Nightclubs, bars, taverns, 1 service
dance halls and buildings lper40 +  IperdQ P per 75 — 1 per 500 sink
Ad for similar parposes :
Restaurants, banguet ! 1 service
halls and food courts 1 per75 | 1 per 75 1 per 200 — 1 per 500 sink
1 Asserbly Auditorinms without
permanent seating, ant
i galleries, exhibition 1 per 125 1 per 65 1 per 200 ! Iperson | 1service
: halls, museums, lecture pet per P ! pe sink
: - halls, libraries, arcades
; A-3d and gymnasioms i
i . . .
: Passenger termivals and 1 service
[ transporiation facilities 1 per 500 1 per SO0 1 per 750 — 1 per 1,000 sink
|
i ! Places of worship and 1 service !
i other religious services. 1 per 150 Lper 73 L per 200 - 1 per 100 sink

®3d09D DNIFGINNTd TYNOILVNHILNI 6002
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TABLE 203.1, {continued)

MINIMUM NUMBER OF REGUIRED PLUMBING FIXTURES?®

(See Sections 403.2 and 403.3}
WATER CLOSETS DRINKING
{URINALS SEE SECTION FOUNTAIN®'
419.2) LAVATORIES {SEE
BATHTUBS/| SECTION
NO. | CLASSIFICATION | QCCUPANCY DESCRIPTION MALE FEMALE MALE FEMALE | SHOWERS #10.1) OTHER
Colisenms, arenas, | 1 per 75 for imgeéi? 1f(’5r20
skating rieks, the first 1,500 and 1 pervﬁﬂ .
Is and tennis | and 1 per 120 service
At sgsrts for indoor  { for the re- for the Lper200 | Lper 130 - L per 1000 sink
Sporiing events mainder ex- remainder
> - exceeding
and activities ceeding 1,500
1 Assembly 1,520
{cont.) (cont) Stadiums, Llper7Sfos |1 per40for
amusement parks, |the first 1,500 | the first 1,520
bleachers and and i per 120 |and 1 per 60 1 service
A5 grandsiands for for the for the Tper 200 | 1per150 — 1 per 1,000 sink
outdoor sporting | resnainder remainder ;
events and exceeding exceeding
activities 1,500 1,520
Buildings for the
transaction of
business,
professionai
services, other 1 per 25 fos the first 53 and 1 | 1 per 40 for the farsi 30 | service
2 Business B services involving per 50 for the remainder and 1 per 80 for the — 1 per 100 sink
merchandise, exceeding 50 remainder exceeding 30
office buildings,
banks, light
tndusivial and
simoilar uses

®3d0J DNIGINNTd TVYNOILYNHILNI 6002
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TABLE 403.1, (continued)

MINIMUM NUMBER OF REQUIRED PLUMBING FIXTURES?
(See Sections 403.2 and 403.3)

WATER CLOSETS DRINKING
{URINALS SEE SECTION FOUNTAIN®'
419.2) LAVATORIES (SEE
BATHTUBS/; SECTION
NO. | CLASSIFICATION | OCCUPANCY DESCRIPTION MALE FEMALE MALE FEMALE | SHOWERS 410.1) OTHER
. Educational 1 service
3 Educational E facilities 1 per 50 1 per 50 — 1 per 100 sink
Structures in
which occupants
are engaged in
Factory and work fabricating, (see Section 1 service
4 industrial F-1 and F-2 assembly or 1 per 100 1 per 100 411) 1 per 400 sk
processing of
products or
materials

®3d0J DNIFINNTd TVYNOILVYNHILNI 6002
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TABLE 403.1, (continued)

MINIMUM NUMBER OF REQUIRED PLUMBING FIXTURES?

{See Sections 403.2 and 403.3)

; WATER CLOSETS 1 DRINKING ,f
a (URINALS SEE SECTION | FOUNTAIN® |
: | 418.2) ! LAVATORIES {SEE !
: i i i BATHTUBS/ . SECTION @
* NO. | CLASSIFICATION  OCCUPANCY ' DESCRIPTION MALE . FEMALE : MALE FEMALE | SHOWERS | 410.1) OTHER
: i Lo
LI Residential care 1 per 10 , 1per 10 Lper§ | Lpertoo | 1STice
Hospitals, i 1service
- ambulatory nursing ; 1 per room® 1 per room*® 1peris Lper 100 | sink per
i home patients” floor
Employees, other
-2 : than residential iper2s t per 35 — { bper 100 —
b .
care H
Visitors, other |
than residential 1per7s 1 per 100 — I per 500 —
5 | Institutional o pe pe PP
i B
Prisons® 1 per cell 1 per cell Iperls | 1perl0D ! s:i:;ce
Reformitories,
k3 detention centers, < 1 service
and correctional 1perl3 1 per 15 Tperls 1 per 100 sink
centers®
Employees® 1 per 23 1per3s — 1 per 100 —
Adulr day care and i 1 service
-4 child cace Iperls i 1 per 15 1 i per 100 sink

®3d0J DNIGINNTd TVYNOILYNHILNI 6002
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TABLE 403.1, {continued)

MINIMUM NUMBER OF REQUIRED PLUMBING FIXTURES?
{See Sections 403.2 and 403.3)

[

X WATER CLOSETS DRINKING ‘
. {URINALS SEE SECTION FOUNTAIN®f |
419.2) LAVATORIES (SEE | |
T BATHTUBS/ SECTION ‘ !
NO. | CLASSIFICATION | OCCUPANGY |  DESCRIPTION MALE FEMALE MALE | FEMALE | SHOWERS 4101) | OTHER
i
Retail stores, i ;
service stations, : | service
6 Mercantile M shops, salesrooms, 1 per 500 1 per 750 - lper 1,000 770 7
markets and 0
shopping centers
Hotels, motels, . 1 per 1 service
R-1  boarding houses 1 per sleeping unit 1 per sieeping unit sleeping unit - sink
(transient}
Dormitories,
fratemities, 1 service
R-2 sororities and IperlC 1 per 10 1 per 8 ! per 100 .
. sink
boarding houses
7 Residential ! (not tramsient)
1 kitchen
sink per
dwelling
unit; 1
1 per automatic
R-2 Apartment house 1 per dwelling unit 1 per dwelling unit dwelling — clothes
: unit washer
connection
per 20
. dwelling

] units

®3d0J DNIFINNTd TVYNOILVYNHILNI 6002
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TABLE 403.1, {continued)

MINIMUM NUMBER OF REQUIRED PLUMBING FIXTURES?

(See Sections 403.2 and 403.3)
WATER CLOSETS DRINKING
(URINALS SEE SECTION FOUNTAIN®'
419.2) LAVATORIES {SEE
BATHTUBS/ SECTION
NO. | CLASSIFICATION | CCCUPANCY DESCRIPTION MALE FEMALE MALE FEMALE SHOWERS 410.1) OTHER
1 kitchen
sink per
dwelling
unit; 1
One- and 1 per automatic
R-3 two-family 1 per dweiling unit 1 per dwelling unit dwelling — clothes
dwellings nnit washer
conpection
7 Residential per
{cont.) {cont.} dwelling
unit
Congregate living .
R-3 facilities with 16 J per 10 1 per 10 1per8 iperion | S:i;‘;ce
or fewer persons
Restdential 1 service
R4 carefassisted living 1 per 18 1 per 10 iper8 1 per 100 ksink
facilities
Structures for the
storage of goods,
warehouses, servi
8 Storage 51 storehouse and 1 per 100 1 per 100 See 1 per 1,000 1 vice
5-2 . Section 411 sink
freight depots.
Low and Moderate
Hazard,

®3d0J DNIGINNTd TVYNOILYNHILNI 6002
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TABLE 403.1, (continued)
MINIMUM NUMBER OF REQUIRED PLUMBING FIXTURES®
(See Sections 403.2 and 403.3)

. The fixtures shown are based on one fixture being the minimum required for the number of persons indicated or any fraction of the number of persons indicated.

The number of occupants shall be determined by the International Building Code.

. Toilet facilities for employees shall be separate from facilities for inmates or patients.
. A single-occupant toilet room with one water closet and one lavatory serving not more than two adjacent patient sleeping units shall be permitted where such room

is provided with direct access from each patient sleeping unit and with provisions for privacy.

. The occupant load for seasonal outdoor seating and entertainment areas shall be included when determining the minimum number of ficilities required.
. The minimum number of required drinking fountains shall comply with Table 403.1 and Chapter 11 of the International Building Code.
. Drinking fountains are not required for an occupant load of 15 or fewer.

®3d0J DNIFINNTd TVYNOILVYNHILNI 6002
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TABLE 4-1
Minimum Plumbing Facitities’

Each building shzll be provided with sanitary facilities, indluding provisions for persons with disabilities as prescribed by the
Department Having Jurisdiction. Table 4-1 applies to new buildings, additiens to 2 building, and changes of eccupancy or type in
an existing building resulting in increased occupant Joad. Exception: New cafeterias used unly by emplovees.

‘the total vccupant load shall be defermined in accordance with the Building Code. The type of building or accupancy shall be
determined based on the actual use of the various spaces within the building, Building categories not shown in Table 4-1 shall be
considered separately by the Authority Having furisdiction. The minimum number of fixtures shall be cafeniated at 50 percent male
and 50 percent female based on the total occupant load.

Once the occupant load and uses are determined, the requirements of Section £12.0 and Table 4-1 shall be applied to determine
the minimum number of plumbing fixtures required.

Type of Building®  Water Closets™ Urinais™"™® ELavatories Bathtubs or Drinking® ™"
or Gecupancy {Fixteres per Person) (Fixtures per Person)  (Fixtures perPerson)  Showers Founiains
(Fdwes per  (chaures per
Person} Person)
Assembly places - Maie Female Male Femaie
theatres, audito- 1115 1:1-15 I perdl Tperdd
fAums, convention  2:16-35 3635
halls, etc—for 33655 4: 3655 Add one fixture for
permanent Over 35, add 1 fixture foreach each addirional 50
vraplovee use additionai 40 persons. males
Assembly places -~ Male Female Male e Female
theatres, audito- 1:1-100 3150 1:1-300 300 11200
riums, convention 22 101-200 4: 51-100 2181200 220005 2201400 3
halis, ete— for 320400 B 1200 3: 201400 3401730 3 4i1-750 Over 754, add
publicuse 11:291468 4 251-600 Over 750, add one one fixture for
Over 40, add one fixture for Ower 600, add 1 fixture  Fixture for cach addi- cach addilional
each additional 500 males  for each additional 300 tional 500 persons. 200 persons.
and 1 for cach additionai 125 males.
femaies.

3d0J DNIFGNNTd INHOLINN
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TABLE 4-1, (continued)
Minimum Plumbing Faciiities’

Type of Building® | Water Closets™ Urinais® ' Lavatories Batittubs or Drinking® ™"
or Occupancy {Fixtures per Person) (Fixtures per Person) | ¥ ixtures per Person) | Showers Fountains
(Fixturesper  (Eiqures per
Person} Persan}
Dormitories®- Male Female Male Male Female Tperd 1 per 15077
1 per 10 1perd 1per 1peri2 Tperi2 | Forfemales, add

School or labor™

Add 1 fixture for cach addi-
fional 25 males {over 10} and
1 for each additional 20
females {over S).

Ower 130, add 1 fixture
for each additional 58
malcs,

Crver 12, add one fixture
for each additional 20
mnates and 1 {or cach 15
additional females.

1 bathtub per 30,
Over 150, add 1
bathtub per 20.

Darmitories— fur | Male Female Male: Male Female
staff use'™ 1:1-15 1per3 T per 40 Tper4l |1 per§
21435
3:36-55
Owver 55, add 1 fixture for
each additional 44 persons.
Drwellings®
Single dwelling 1 per dwelling ! per diveiling 1 perdweliing
Multipie dwelling |1 per dwelling or apartment t per dwelling or apart- | I per dwelling or
or apartment it h srient ik aparbinent it
house™
Hospitai waiting | 1 per room 1 per room 1 per 150%
rooms
Hospitals - for Fernale Male Male Female
emplovee use 1:3-13 019 1 per4d { per 40
3:16-35 1: 10-50
4:36-55 Add one fixture for

Owver 55, add 1 fixture for
each additional 40 persons.

each additional 56
maics.

3d0J DNIFGNNTd INHOLINN
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TABLE 4-1, {confinued)
Minimum Piumbing Faciiities’

Type of Building® Water Closefs™ Urinals™™ Lavatories Bathtubsor  Drinking®™"”
orQccupancy  {Fixtures per Parson) {Fixtures per Person) | (Fixtures per Person}  Showers Fountains
D(Fe'f:;f:)s per {Fixiures per
) Person)
Hospitals
Individual room 1 por room 1 per room per room 1 per 1507
Ward room I per 8 patients 1 per 1) padents 1per0patients
Industrial”ware- Male female Up to 100, 1 per 10 1 shower for 1 per 150™
houses, work- 1:1-10 1: 110 persons each 15 persons
shops, foundries, 2:11-25 21125 Over 100, L per 15 exposed (o
and similar estab- 37 2 326-30 persons™ excessive heat or
Gehuments - for 4:: 4 51-75 to skin contammi-
emplovee use 5:76-100 575100 nation wiily
: Over 100, ada 1 fixture for POISONOUs,
cach additonal 30 persons. fections or irr-
tating material
Institutional — Male Fernale Male Afale Female tperd 1 per 1507
other than hospi- 1 per25 1 per20 0: 19 Tperl® 1perld
tals or penal insti- 11650
tutions {en each Add one fixture for
occupied floar) cach additional 50
males.
institational — Male Femate Male Male Female Iper§ 1 per 150
other than hospi- 1: 1-15 1:1-15 19 1 per4d 1per 0
tals or penalinsti-  2:16-35 3:16-35 IRt

tutions {on each
occupied floori—
for emplovee use

3:36-50 4 3655
Over 55, add 1 fixture for
each additional 40 persons,

Add one fixture for
cach additional 50
males.

3d0J DNIFGNNTd INHOLINN
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TABLE 4-1, fcontinued)
Minimum Plumbing Facilities’

Type of Building® | Water Closets™ Urinals™ ™ Lavatories Bathtubs or Drinking®""
or Occupancy | (Fixtures per Person) {Fixtures per Person)  (Fixtures per Person} | Showers Fountains
{Fixtures per ({Fixtures par
Person)
Person)
Office or public | Male Female Male Male Female | per 1507
buildings 1:1-100 1-1-180 1:1-200 101200
2:3101-200 2:101-200 2:201-400 2: 261-400
30 201-400 : 3: 201-400 3: 401-750 3 401-750
11:201-400 |4 401-600 Over 750, add one

Over 400, add one fixture
for each additional 500
males and 1 for each addi-
tional 150 fomales.

Over 600, add 1
fixture for each addi-
tional 300 males.

fixiure for each addi-
tional 500 persons.

Office or public
buildings ~ for
emplovee use

Male Female
T 1-15 1 1-15

2:16-35 3:16-35
3: 355 4: 36-55

Over 55, add 1 fixture for
each additionai 41 persons.

Male

4:1-9

1:10-50

Add one fixture for
each additional 50
males.

Female Maie
1 per 40 1 per 401

Penal institutions
- for employee
use

Male Female
1:1-15 1:1-15
2:16-35 3 16-35
3:36-55 4:36-35
Over 53, add 1 fixture for
each additional 40 persons.

Male

. 1-9

1:18-50

Add one fixture for
each additional 50
males.

Male Female
1 per 42 1perd0

Penal instHiutions
- for prison use
Cell

Exercise room

1 per cell
1 per exercise Toom

Male
1 per exercise room

1 per cell
1 per exercise: room

i per cell block
floor

1 per exercise
room

3d0J DNIFGNNTd INHOLINN
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TABLE 4-1, (continued)
Minimum Plumbing Facilities’

Type of Building® Water Closets™ Urinals® ™ Lavatories Bathtubs or | Drinking®'*"

or Occupancy (Fixtuires per Person) {Fixtures per Person) | (Fixtures per Person}  Showers Fountains
{Fixtures per {Fixtures per
Person) Person)

Public or profes-  Same as Office or Public | Same as Office or Same as Office or Same as Qffice

sional offices” Buildings for emplovee | Public Buildings for | Public Buildings for or Public Build-

use® emplovee use™ employee use® ings for
emplovee use®

Restaurants, Male Female Male Male Female

pubs, and 1:1-30 1:1-5 1:1-158 1:1-130 1 1-150

tounges™” 2:31-150 2:51-150 Over 154, add 1 2:151-200 2:131-200

3:151-300  4: 151-300
Over 300, add 1 fixture
for each additional 200
Dersons.

fixture for each addi-
tional 150 males.

1201400 3: 201400
Over 400. add 1
fixture for each addi-
tonal 400 porsons.

Retail or Whole-
sale Stores

Male Female
1:1-108 1:1-25
2:101-200 100

101200
201-300
R: 307400
Orver 400, add one [ixture
for cach additional 5300
males and one {or each
150 temales

3:201-400

4:401-600

Over 600, add one
fixfure for each addi-
tional 300 males

1 per 2 water closets

0: 1-30%
1:33-150

One additional
drinking foun-
tain for cach
150 persons
thereaiter

Schools - for staff
use
All schools

Male Female
1:1-15 i:1-15

2:16-35 2:16-35
3:36-33 3:36-55

Over 55, add ] fixture for
cach additional 4¢

persons.

Male
1 per 50

Male Femaie
T per 40 L per 30

3d0J DNIFGNNTd INHOLINN



8€S

TABLE 4-1, {continued)
Minimum Plumbing Facilities®

Type of Buiiding® Water Closets™ Urinals™** Lavatories Bathtubs of  Drinking®™"
or Occupancy {Fixtures per Person} {Fixtures per Person) (Fixtures per Person)  Showers Fountains
{Fdures per Fixtures per
Person) { pe
Person}

Schoois — for Maie Female Male Femnale 1per 1 ml
student use 1:1-20 1:1-29 1:1-25 i
Nursery 2:21-50 2:21-30 2:26-50 2

Over 530, add 1 fixture for Over 3 add ?

each additional 30 fixture for each addi-

Dersons. tonal 50 persons.
Elementary Male Femnale Male Male Female 1 per 156"

1 per 30 ipers 1per75 1 per 33 1per 35
Secondary “Maie Female ‘Male ‘Male Female 1 per 1502

1 perdd Iper 30 1per 3> 1 per 40 Tverdd
Others {ealleges, Male Female Male Male Female 1 per 1507
universities, Tper4d 1perdo 1per35 1 per 40 1 per dt
adult centers,
etcd
Worship places  Male Female Male 1 por 15077
educationai arud 1 per 150 I per 75 I perist 1 per 2 water closets ’
activitics Unit
Worship places  Male Female Male 1 per 150°°
prindpal assembly 1per 150 Iper 73 1 per 150 1 per 2 water clesets )

vlace

3d0J DNIFGNNTd INHOLINN
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TABLE 4-1, fcontinued)
Minimurn Plumbing Facilities'

The figures shown are based upun one {1} fixture being the msnimum required fur the wumber of persons indicated or any
fraction thereof

Building categories not shown on this table shall be considered separately by the Authority Having Jurisdiction.
Drinking fountains shalt not be installed in toilet rooms

Laundry trays. One (1) lawndry tray or ene (1) autematic washer standpipe for cach dwelling unit or ene (1) laundry tray or
ape (1) automatic washer standpipe, or combinatian thereof, for each twelbve (12) apartments, Kitchen sinks, one {1) for each
dwelling or apartment unit.

For each urinal added in cxcess of the minimum required, one water closet shall be permitted to be deducled. The aumber of
water closets shalt not be reduced to bess than two-thirds (2/3) of the minimum requirement.

As required by PSALZ4.1, Sanitation iz Places of Employnen!.

Where there is exposure to skin contamination with poisonous, infectious, or irritating materials, provide one (1) lavates v for
cach five {3) persons.

Twenty-four {24) lineal inches (610 mm) of wash sk or eighteen (18} inches (457 mim) of a circolar basin, when provided with
water outlets for such space, shall be considered equivalent to ore (1] lavatory.

Laundry trays, one (1) for each fifty (50) persons. Service sinks, one (1) for each hundred {100) persons

Geneval. In applying this schedule of facilities, consideration shall be given to the accessibility of the fixtures. Conformity
purely on a numerical basis may ot resultin an installation suited to the needs of the individual establishment. For exampte,
schouols should be provided with toilet facilities on each floor having classrooms.

a. Surrounding materials, wall, and Hoor space to a point fwo (2] fret (610 mm) i front of urinal lip and four {4) feet
(1,219 1nm) above the floor, and not tess than two (2 feet (510 mm) to each side of the urina! shall be lined with non-
absorbent materiaic.

b, Trough urinals shall be prohibited,

3d0J DNIFGNNTd INHOLINN
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TABLE 4-1, (continued)
Minimum Plumbing Facilities’

A restaurant is defined as a business that sells food to be consumed on the premises.

a. The number of occupants for a drive-in restavrant shall be considered as equal to the number of parking stalis.
o Hand-washing facilities shall be available in the kitchen for cmployees.

Where food is consumed indoors, water stations shall be permitted in be substituted for drinking foumtains. Offices, or public
buitdings for use by more than six {6} persons shall have one (1) drinking fountain for the first one-hundred fifty {150} persons
and one (%) additional fountain for each three-hundred {300} persons thereatter.

There shall be at least one {1} drinking fountain per occapicd floor in schools, theatres, audituriums, dormitories, offices, or
puldic buildings.

The totat rumber of water closets for ferales shall be equal Lo the total number of water closets and urinals required for males,
This requirement shali not apply to Retait or Whelesale Siores.

For smaller-type Public and Professional Offices such as banks, dental offices, law offices, real estate affices, avchitectural
offices, engineering offices, and similar uses. A public area in these offices shall use the requirements for Retail or Whaolesale
Stores

Recreation or community room in multiple dwellings or 2partment buildings, regardless or their occupant load, shall be
permitted to have separate single-accommadation facilities in common-use areas within tracts or multi-fasnily residential
occupancies where the use of these areas is hmited excusively to owners, residents, and their guests. Examples are commu-
nity recreation or multi-purpose arcas int apartments, condos, towrhouses, or tracts.

A drinking fountain shall not be required in occupancies of 30 or less. When a drinking fountain is not required, then foot-
notes 3, 12, and 13 are not appiicable.

oS
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EXAMPLE :

PROBLEM? Floure THE ReEQUREP PLUMBING FIXTURES FOR
A 10000 SF OFFLE SFPCE , FIGURE R 1ZOTH
THE LP.C. AND THE U.F C. CODES.
S50LUTIONS
A, BY LP C (sppineie A For LBC.ONRLHO)
I, BUoINESS & L0000 5F + |oosF/pcc. = oo USERS

+2 = 50/ %ex
2, FIXTURES:  (2EE |LFC. TABLE 40%.| , P. 52&)
M (50> W (50>
WC Z | A
LAY I |
VR |

AlO. | OF REQ'D
2 BY UFC (setaas 4-l oF VRC.  5EE P, 5%%)

I. FIGURE 0CC. LOAD FpR E£xXTing Feom. TAgig 4-1
ASumE ABIC, NOT EMPLOYEE, (56~
10 000 &F + W00&F foce = 100 oac +2= BO/seX

Z. FIXTURES M (B0 W (50)
WC | =
lay ! I
UR !

Also: | DF Reg'y

Notes:
1. If you have data to prove occupancy will not be evenly divided,
you may use other than 50/50 split.
2. Family or assisted use toilet and bath fixtures can be included in
count.
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__ B. HEATING, VENTILATION, AND
AIR CONDITIONING (HVAC) B (1) 13 (16)

See p. 546 for selection and cost table.

Costs: Equipment 20% to 30%; distribution system 80% to 70%;
see p. 546 for cost of different systems. See App. A, item K
for % of total construction costs.

During programming it is useful to do a functional partitioning of
the building into major zones for:

___ 1. Similar schedule of use

__ 2. Similar temperature requirements
__ 3. Similar ventilation and air quality
___ 4. Similar internal heat generation
___ 5. Similar HVAC needs

During design, if possible, locate spaces with similar needs together.
See App. A, item J for SF/ton estimates by building type. See
p- 193 for energy conservation and equipment efficiency. As a gen-
eral rule, provide at least 3" around all HVAC equipment for main-
tenance.

__ 1. General
HVAC systems can be divided into four major parts:
__a. Source:

__ (1) The boiler and chiller to create heat and
cold for the system to use. (In small package
systems this is an internal electric coil, gas
furnace, or refrigeration compressor).

__(2) Cooling tower (or air-cooled condenser)
located outside to exhaust heat.

___ b. Distribution:

___ (1) Air handlers to transfer heat and cold to air
(or at least fresh air) to be blown into the
building zones. In large buildings this is in a
fan room. (In small package systems this is
an internal fan.)

__(2) The system of ducts, control boxes, and dif-
fusers to deliver conditioned air to the spaces.

___ ¢ Delivery of diffusers, baseboard radiators, unit
heaters, convector cabinets, induction units, etc.

___ 2. Systems for Small Buildings

__ a. Roof-mounted “package systems” are typically used
for residential and small to medium commercial
buildings. They are AC units that house the first
three parts in one piece of equipment that usually
ends up on the roof. Used usually in warm or tem-
perate climates. Typical sizes:

543
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Roof Mounted
“Package” Unit

Size Area served Dimensions

System

2to 5 tons 600 to 1500 SF 6'L x4'W x4'H
5to10tons  1500to 4500 SF 10'L x 7W x 5'H

15to 75 tons 4500 to 22,500 SF 25'L x 9W x 6'H

Single zone constant
vol. delivery system;
can serve more than
one zone with vari-
able air vol. delivery
system

Notes:
1. Units should have 3’ to 4' of clearance around.
2. A ton is 12,000 Btu of refrigeration.
3. Each ton is equal to 400 CFM.
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b. Forced-air central heating is typically used for resi-
dential and light commercial buildings. It heats air
with gas, oil flame, or elect. resistance at a furnace. A
fan blows air through a duct system. The furnace can
be upflow (for basements),

side flow, or down flow
(for attic). The fur-
nace must be

vented. Furnace
sizes range between
2Wx25'Dx7H
to 4 Wto 7'D x D&)
7'H. Main ducts  FyrNACE CONDENSER,
are typically 1" x 2’

horizontal and 7" x .33’ vertical.

Can add cooling with a “split system” by adding
evaporator coils in the duct and an exterior con-
denser. Typical condensers range from 2'W x 2'D x
2’Ht03.5Wx4'D x 3'H.

c. Forced hot water
heating is typically
used for residential EAN Couz
buildings and com-
mercial offices. A BOILER
burner or electric

resistance heats
water to fin tube
convectors (or fan

coil unit with blow-

ers). The fueled

boiler must be

vented and provided

with combustible air. Boiler

sizes range from 2’'W x 2'D x 7'"H to 3'W x

5'D x 7'H. Fin tube convectors are typically 3"D x
8"H. Fan coils are 2'W x 2.5'H. There is no cooling.

d. Evaporative cooling is typically used for residential

buildings. It works only in hot,
dry climates. A fan draws
exterior air across wet pads
and into the duct system.

There is no heating. Cooler
size typically is 3'W x 3'D x
3'H. Main duct is typically
1.5W x 1.5'D.
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Through-wall units and package terminal units
are typically used for motels/
hotels as well as small
offices. They are self-
contained at an exterior
wall and are intended for
small spaces. These are usu-
ally electric (or heat pump
in mild climates), which are
used for both heating and
cooling. Interior air is recir-
culated and outside air is
added. Typical sizes:
Package Terminal Units 3.5W x 1.5'D x 1.3'H
Through-Wall Units 2’W x2'D x 1.5H

Electric baseboard
convectors are typi-
cally used for residen-
tial buildings and
commercial offices.
They heat by electri-
cal resistance

in 3"D x 8"H baseboards around the perimeter of
the room. There is no cooling.

Electric fan-forced unit heaters are much like item f
above, but are larger because of internal fans recir-
culating the air. There is no cooling. Typical sizes
range from 1.5 Wx8"D x8"Hto2’Wx 1'D x 1.8'H.

Radiant heating: FElectrical resistance wires are
embedded in floor or ceiling. There is no cooling. An
alternative is to have recessed radiant panels, typi-
cally 2' x 2" or 2' x 4. For alternative cooling and
heating use water piping. These are typically resi-
dential applications.

Wall furnaces are small furnaces

for small spaces (usually residen- \
tial). They must be vented. There

is no cooling. They may be either %

gas or electric. The typical size is
14"W x 12"D x 84"H.

Other miscellaneous small sys-

tems (typically residential):

___ Passive solar heating (see
p. 546)
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___ Active solar heating

___ Heating stoves (must be properly vented!)
Custom Systems for Large Buildings
These are where the first three parts (see p. 543) must have
areas allocated for them in the floor plan. In tall buildings
due to distance, mechanical floors are created so that air
handlers can move air up and down 70 to 15 floors. Thus
mechanical floors are spaced 20 to 30 floors apart.

A decentralized chiller and boiler can be at every other
mechanical floor or they can be centralized at the top or
base of the building with one or more air handlers at each
floor. See p. 551 for equipment rooms. Note: An alternative
for large buildings (but not high rise) is to go with a number
of large “package” units on the roof. Instead of installing
one large unit, incorporate several smaller units of the same
total capacity, then add one more, so any unit may be ser-
viced without affecting the total operation.

__a. Delivery systems
__ (1) Airdelivery systems:
Because of their size, ducts are a
great concern in the preliminary

design of the floor-to-ceiling space.
DUCTS

24" x 10"

WIDTH

BEST

<

WoRsT !

See p. 493. The main supply and
return ducts are often run above
main hallways because ceilings can
PUCT IN PLAN be lower and because this provides
HEIGHT a natural path of easy access to the
majority of spaces served. Ideally,
all ducts should be run as straight
and clear of obstructions as possi-
ble, contain no corners that could
collect dirt, and have access portals
that allow inspection and cleaning.
Horizontal runs should be pitched
slightly to prevent moisture collec-
tion.
When ducts cross any kind of fire
—— wall or fire barrier, they usually
H=< require fire dampers.
Air rates for buildings vary from
1 CFM/SF to 2 CFM/SF based on
4 usage and climate. Low-velocity
C==]w"mmn) ducts require 7 to 2 SF of area per
1000 SF of building area served.
High-velocity ducts require 0.5 to

~ O X
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FAN

A

UTD
R

1.0. Air returns are required and
are about the same size, or slightly
larger, than the main duct supply.
(The above-noted dimensions are
interior. Typically, ducts are exter-
nally lined with 1” or 2" of insula-

AR -
DEVICE tion.)
Costs: Ducts typically cost about 40% of
total HVAC costs.
__ (a) Single-zone constant-volume _sys-

FAN

ZONE | l
FAN .

__| iZONE Z‘

ZONE 3

ZONE |

=]

VAY. BOX

O

ZONE 3

ZONE Z

—_(b)

—(©

tems serve only one zone and are
used for large, open-space rooms
without diverse exterior exposure.
This is a low-velocity system.
Multizone constant-volume systems
can serve up to eight separate
zones. They are used in modest-
sized buildings where there is a
diversity of exterior exposure and/
or diversity of interior loads. This is
a low-velocity system.

Subzone box systems often modify
single-zone systems for appended
spaces. They use boxes that branch
off the main supply duct to create
separate zones. The size of the boxes
can be related to the area served:

Box Area served

4L x3'Wx1.5H
SLx4'Wx1.5H

500 to 1500 SF
1500 to 5000 SF

The main ducts can be high-veloc-
ity, but the ducts after the boxes at
each zone (as well as the return air)
are low-velocity.

___ (d)Variable air-volume single duct can

serve as many subzones as required.
It is the dominant choice in many
commercial buildings because of its
flexibility and energy savings. It is
most effectively used for interior
zones. At exterior zones hot water
or electrical reheat coils are added
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to the boxes. Each zone’s tempera-
ture is controlled by the volume of
air flowing through its box. Typical
above ceiling boxes are:

8" to 11"H for up to 1500 SF
served (lengths up to 5")
up to 18"H for up to 7000 SF

Double-duct systems can serve as a
good choice where air quality con-
trol is important. The air handler
supplies hot air for one duct and
cold air for the other. The mixing
box controls the mix of these two
air ducts. This system is not com-
monly used except in retrofits. It is
a “caddie” but also a “gas guzzler.”
Variable air-volume dual-duct sys-
tems. This system is high-end first
cost and most likely used in a retro-
fit. One duct conveys cool air, one
other hot air. This system is most
common where a dual-duct con-
stant volume system is converted to
VAV. The box is generally con-
trolled to provide either heat or
cool air as required in varying
quantities.

__ (2) Air/water delivery systems

These types of systems reduce the ductwork
by tempering air near its point of use. Hot
and cold water are piped to remote induc-
tion or fan coil units. Since the air ducts
carry only fresh air, they can be sized at 0.2
to 0.4 SF per 1000 SF of area served. The
main hot and cold water lines will be 2 to 4
inches diameter, including insulation, for
medium size buildings.

— (@

Induction is often used for the
perimeter of high-rise office build-
ings and is expensive. Air from a
central air handler is delivered
through high-velocity ducts to each
induction unit. Hot and cold lines
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INDUCTION UNITS
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run to each unit. Each unit is
located along the outside wall, at
the base of the windows. They are 6
to 12 inches deep and 1 to 3 feet
high.

Fan_coils with supplementary air
are used where there are many
small rooms needing separate con-
trol. Hot and cold water lines are
run through the coils. A fan draws
room air through the coil for heat-
ing and cooling. A separate duct
system supplies fresh air from a
remote air handler.

The fan coils are 6 to 12 inches
deep and 1 to 3 feet high. They can
also be a vertical shape (2' x 2" x 6'
high) to fit in a closet. They are
often stacked vertically in a tall
building to reduce piping. Fan coil
units can be located in ceiling
space.

__ (3) Water_delivery systems use hot and cold
water lines only. No air is delivered to the
areas served.

¢£¢é‘¢;‘>

< PIPES EAN CONs
MECH,
ROOM
BASE POARD
¢—PIPEZ
MECH.

ROOM

— (@

—_(b)

Fan coil units can have hot and/or
cold water lines with fresh air from
operable windows or an outdoor
air intake at the unit.

Hot water baseboards supply only
heat. Often used in conjunction
with a cooling-only VAV system for
perimeter zones. Baseboards are 6
inches high by 5 inches deep and as
long as necessary.
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4, Diffusers, Terminal Devices, and

Crilles: Interface the HVAC system
with the building interiors for visual
impact and thermal comfort. Supply
and return grilles or registers should
be as far apart as possible in each
space (ideally at opposite walls and
opposite corners, and one near the
ceiling and the other near the floor),
and they should be located where
occupants or furnishings will not
block them. Grilles are side wall
devices. Their “throw” should be
about % the distance to the other side

GRILLE

DIFFUSER

of the room. Opposite wall should be no greater than about
16' to 18" away (can throw up to 30" in high rooms with spe-
cial diffusers). Diffusers are down-facing and must be coor-
dinated with the lighting as well as uniformly spaced (at a
distance apart of approximately the floor-to-ceiling height).
Returns should be spaced so as to not interfere with air sup-
ply. Assume return air grilles at one per 400 SF to 600 SF.
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__A. LIGHTING (13) 16 56

__ 1. General
__a. Lighting terms and concepts using the analogy of a
sprinkler pipe

+—— () rressure =
CANDLE. PFOWER
(100 CANDLES
OR. 1257 LUMENS)

(2) FLow = LuMENS

INTENSITY = FOOT CANDLES
(100 FC OR 100 LUM. /5F)

@) surrace (1 oF)
REFLECTANCE (60 %),
TRANSMITTANCE (40%)
(O0R ABSORPTANCE OF 40%)

BOUNCE = BRIGHTNESS
IN FOOT -LAMBERTS
(I0OFC % .& = @OFL OR
(loo FC x .4 = GO LUM, / SF)

40 FL- OR

40 LUM. /&F)

__ (1) Visible light is measured in lumens.

__ (2) One lumen of light flux spread over one
square foot of area illuminates the area to
one footcandle.

__ (3) The ratio of lumens/watts is called efficacy,
a measure of energy efficiency.

__ (4) The incident angle of a light beam always
equals the reflectance angle on a surface.

__(5) The 1-1-1 Rule: When 1 lumen of light
strikes 1SF of perfectly reflective area, 1’
away, at right angles, then 1 lumen of out-
put = 1 fc of incident light = 1 foot-lambert
of reflected light.

__ b. Considerations in seeing

__ (1) Contrast between the object or area being
viewed and its surroundings will help
vision. Too little will wash out the object.
Too much will create glare. Recommended
maximum ratios:

___ Task to adjacent area 3to1l
___ Task to remote dark surface 3tol

563
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___ Task to remote light surface 1to1l
___ Window to adjacent wall 20to 1
___ Task to general visual field 40to 1
___ Focal point: up to 100 to 1

__ (2) Brightness (How much light?). For recom-
mended lighting levels, see d, below, or p.
566.

__ (3) Size of that viewed. As the viewing task
becomes smaller, the brightness needs to
increase and vice versa.

___ (4) Time: As the view time is decreased, the
brightness and contrast needs to increase
and vice versa.

__ (5) Glare: Not only can T
too much contrast
create glare, but light o
sources at the wrong ﬂ
angle to the eye can
create glare. Typically, fygpne
the non-glare angles REFLECTIONS Y
are from 30° to 60°
from the vertical.

__ (6) Color: See p.428.

__(7) Interest.

c¢. Types of overall light sources

__ (1) Task lighting is the brightest level needed
for the immediate task, such as a desk lamp.
Select from table on p. 566.

__ (2) General lighting is the less bright level of
surroundings for both general seeing and to
reduce contrast between the task and sur-
roundings. It is also for less intense tasks,
such as general illumination of a lobby. This
type of lighting can be both natural or arti-
ficial.

__ (3) Asageneral rule, general lighting should be
about /5 that of task lighting down to 20 fc.
Noncritical lighting (halls, etc.) can be re-
duced to /s of general lighting down to 70 fc.
For more detail, see p. 566.

__d. Typical amounts of light
__ (1) Residential
__ Casual activities: 20 fc
___ Moderate activities
(grooming, reading,
and preparing food): up to 50 fc




__e
_f
SOURCE CAN
BE IN CANDLEZ,
LUMENg OR

FOOT- LAMBERTS
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_ Extended activities
(hobby work, household
accounts, prolonged
reading): up to 150 fc
___ Difficult activites (sewing): up to 200 fc
__ (2) Commercial

__ Circulation: up to 30 fc
___ Merchandising: up to 100 fc
__ Feature displays: up to 500 fc
__ Specific activities
(i.e., drafting): 200 fc to 2000 fc
__ (3) For more detailed recommendations, see p.
566.

For recommended room reflectances, see p. 432.
Calculation of a point source of light on an object
can be estimated by:

Source . .
Foot candles = ————— x Cosine of incident angle
distance
FC CALCULATED
[ON2 ON GURFACE
SOURLEJ
L

Light hitting a surface at an angle will illuminate the
surface less than light hitting perpendicular to the
surface. The cosine of the incident angle is used to
make the correction. Doubling the distance from
source to surface cuts the illumination of the surface
by %. Also, see page 601 for other calculations.
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DESIGN LIGHTING LEVELS

b

FOOTCANDLES
TYPE OF ACTIVITY TYPE OF LIGHTING X v z TYPICAL SPACES
PUBLIC BPACES W/ PARK. GENERAL AREA LIGHTING

A| surrovNoINGS THROUGHOUT SPRCES 2 3 B | THEATER, gmoRAcE
SIMPALE ORIENTATION FOR 5 7.5 o) PINING, OORIZIPOR%, CLosETS,
SHORT TEMPORARY WoiTo STORAGE.

WORKING SPACES WHERE. WAITING, EXHIZATION, LOBBIES,

C | VIGUAL TASKS ARE ONLY [0 15 20 |lckers, REsiPENTAL DINNG,

ETAIRS, TOILETS, ELEVATORS,
0CCABIONALLY PERRORMEY LoAOING Tocks .
PERFORMANCE OF VIZUAL 20 o 80 GENERAL OFFICE , EXAM ROOMS,

D! TAoKS OF WeH CONTRAGT TLLUMINATION ON TA%K, 3 MANUFACTURING, READWG RCOME,
OR LARECE &izE. L PRESSING, DIsTlay
PERFORMANCE. OF VIGUAL W PRAFTING, LABS KITCHENS, EXAM

E | Tacks of MEDIUM 50 756 loo | oM, mEWNG, PERcs, Fues,

NTRAST OR SMALL SIZE PORE BeNCH, Readine
co MANUFACTURING, CLASSROOMS
PERFORMANCE OF VIGUAL ARTWORK. AND DRAFTING,
F TAGKS OF LOW CONTRAGT oo 120 200 szoNasz'rvo:, INGPECTION, oo,
SURGERY, LABS, FITTING, RELD 4
OR VERY HMALL AREA J CRITICAL AT WoRK. BENCHS,
L y DIFFI CULT GEWING, MANUFACTURE
ALBEMBLY
PERFORMANCE 0F WWoUAL ILLUMINATION ON TASK BY COMBIN - (RITICAL DURGERY, VERY DIFF-
G [TADKS OF LOW CONTRAGT | ATION OF GENERAL AND LOCAL 200 300 BOO |1 MANUFACTURING ACHEMALY,
AND VERY SMALL GIZE. OVER  |LIGHTING CLosE \NGPECTION
A PROLONGED PERIOD.
PERFORMANCE OF VERY 3 _,§ r
H| PROLONGED & EXACTING 500 750 1000 u & i
VIGUAL TAGK. b 4
3¢ 3
] - § <
PERFORMANCE OF VERY X <40 H>T70 NoT IMPoRT.
SPEGIAL TAGKS OF

I Y 40- - 7
EXTREMELY LOW CONTRAST 1000 1500 2000 40-55 20-70 IMPORT.
AND SMALL EAZE. | Z Y50 K20 CROICA-

)
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__ 2. Daylighting (Natural Lighting) 7 (13) (16 (29"

a. Before undertaking the design of electric lighting,
daylighting should be considered. Daylighting is an
important connection with the outside world. Even
if daylight is not to be used as a primary lighting
source, in most buildings there should be some pen-
etration of daylight.

The architectural program can be partitioned into
spaces where daylighting

SLOPED, WHITE. CEILING SOFFIT '“SEES) exY can or should be used and

E . spaces where daylight will
not be a major factor. The
best opportunities for day-
light use are in areas where
task lighting is not the
primary consideration. As
the task lighting needs to
be more controlled, day-
lighting becomes more
problematic as a lighting
solution. Good daylight-
ing opportunities happen
where task-lighting needs
are not too critical, as in
corridors, lobbies, resi-

R [ R ) dences. Daylighting is prob-

BRI ably not a good idea where

— A task-light constraints are

very restrictive, as in a lec-

ture room or hospital oper-
ating room.

b. Daylighting components
__ (1) Direct sun
__ (2) Diffuse sky
__ (3) Indirect sun (sunlight reflected from ground

or adjacent structures)

c. There are many ways to introduce natural light into
buildings, ranging from fairly obvious and common
methods to new and emerging technologies:

__ (1) Perimeter lighting involves the size and
placement of windows and, sometimes, the
use of light shelves.

__ (2) Top lighting includes the use of skylights
and roof monitors, and even translucent
membrane roofs.

PESK "SEES! CEILING BUT NOT K
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__ (3) Core lighting involves the use of atriums

and light wells.

___ (4) Optical lighting includes the use of fiber

optics, prisms, mirrors, parabolic reflectors,
and other means.

THREE WAYS TO PAYLIGHT

d. General rules of thumb:

M

@)

(€)
(4)
®)
(©)

™)

®)

)
(10)

Daylighting, even more than artificial
lighting, needs to be considered early in
the design process.

A useful conceptual approach to conceiv-
ing a daylighting scheme is to think in
terms of bouncing the daylight off exterior
and interior surfaces into the area to be lit.
Direct sunlight is almost always too bright
to work under.

Direct sunlight on critical task areas
should be avoided.

Direct skylight and sunlight should be
used sparingly in noncritical areas.

For the best daylight, consider increasing
the number of windows, rather than just
increasing the size of one window or glass
area.

Daylight should be bounced off surround-
ing surfaces. In hot climates this should be
outside (roofs, ground, walls, etc.) to
reduce heat gain.

Daylight should be brought in high and let
down softly.

Daylight can be filtered through trees,
plants, screens, and drapes.

Daylight from one side of a room can
cause a glare problem. Daylight admitted
from two or more sides will tend to bal-
ance the light in the room.
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Office building window daylighting usu-
ally affects the 15" perimeter of the plan.
North-facing windows, skylights, or clear-
stories give the best daylight (but may
allow excessive heat loss in cold climates
with northerly winds).

Northern orientations will receive only
minor direct solar penetration in the early
morning and late afternoon in the sum-
mer.

North light should be used where soft,
cool, uniform illumination is needed.
South light should be allowed only where
intense, warm, variable illumination is
appropriate.

Southern orientations are relatively easy
to shield from direct solar penetrations
by using horizontal louvers or overhangs,
provided the cooling season is not too
long, as in extremely hot climates.

Eastern and western orientations are
almost impossible to protect from direct
solar penetrations (heat and glare) while
at the same time allowing occupants to see
out the window.

See p. 451 for solar control of south-,
east-, and west-facing glass.

Skylights can be a problem due to heat
gain from too much sunlight.

Skylights and clearstories can be used to
deliver light deep into the interior of a
building. Clearstories can be designed to
best avoid direct sunlight.
“Gun slots”

against wall B
can provide THIS WALL REFU
illumination e mon e
at minimum
heat gain.

To be eco-
nomically
effective,
office day-
lighting
strategies may
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require automatic controls that adjust the
level of electric lighting to complement
the available natural light during the day.
Controls may be photocells, 2- or 3-step
lighting, continuous dimming, or motion
detectors.

___ (23) New forms of daylighting are light piping
(optic fiber technology) and translucent
roof membranes.

___ (24) Design in light-sensitive applications such
as museums must pay particular attention
not only to UV but also to the visible light
which is responsible for some fading. Cer-
tain glazing options will reduce these neg-
ative effects of light to acceptable levels.

__ (25) Some new options available to designers
promise greater optical control capability.
Prismatic elements can provide varying
degrees of light control and solar control.

__ e Designing for daylighting:
(1) Amount of skylight available (see App. B,
item K, for % sun at specific locations).

Typically:

Predominantly clear = 60% or more
Moderate = 50% to 60%
Heavily covered = under 50%

__ (2) Check sky dome for obstructions. Day-
lighting design requires a building to have
line-of-sight access to sufficient sky area
for adequate daylight exposure. Use the
following ratios to determine clear sky dis-
tance from obstructions:

Latitude Ratio
<24° (or overcast) 1.2
32° 1.3
40° 1.5
48° 1.8

56° 2.5
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HT
-

EXAMPLE ¢
HOW FAR AWAY MU&T YOU BE FOR CLEAR SKY, FOR A

50' HIGH BUILDING AT LAT, 40° 7

1 Le x = 7% HORZ, SEFARATION
26 X

___ (3) Building orientation and configuration:
___ (a) Orientation:
Best North or south

Worst West or east
___ (b) Building shape:
__ (i) Sidelighting (windows or
glazed wall areas):

(a) For designs that use
diffuse daylight from
the sky, cloud, or the
surrounding  environ-
ment, it is difficult to
provide adequate day-
light when the depth of
the space is more than
1.5 or 2 times the height
of the head of the glass.
Designs that redirect
daylight and sunlight to
the ceiling using light
shelves or redirected
glazings might be able
to expand this to 3
times the ceiling height.
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LIGHT PATHS

DIFFUSE LIGHT PENETRATION

BH
REDIRECTED LIGHT PENETRATION

(b) Typically for office
buildings, the first 15’
depth in from windows
gets effective daylight.
The next 15’ gets day-
light but must be
supplemented with ar-
tificial light. Past 30,
there is no daylight.

FARTAL LIeHT CEILNG CAN BE LOWERED HERE
FULL NO LigHT
WGHT ————)
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(¢) Configuration due to
side lighting: In general,
rectangles, elongated
in the EW direction,
narrow or elongated
plans, L- or U-shaped
plans, and courtyards or
atrium buildings pro-
vide greater access to
daylight than more
compact arrangements.

(d) Details of sidelighting:

CREATE. MORE EVEN LHT
DEEPER N THE SecE &

LIGHT SHELF REDICE GLARE NEXT To
THE OPENING
THIS WILL REDUCE THE.
PE(
EXTERIOR, Bor Reoce pRact
OVERHANG =N
INCREAGES LIGHTING
REFLECTIVE ot BT At G
SILLS T00 MUCH GLARE. NEAR,
FENING

E——— MORE. DEEP & EVEN
Ak AV £
LIGHTING I I

WHERE CBSTRUGTIONG
UBE GLAZING (Boraw
LiGHT) To Avoiw
BAOCKING LIGHT

CESTRUCTIONS
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EXYLIGHT

(it) Top Lighting (skylights, clear-

storys, and roof monitors):
Where occupied areas occur
directly below roofs, daylight-
ing may also be provided
through top lighting by either
skylights or roof monitors
(clearstories). Large single-
story buildings, such as facto-
ries, are well suited to top
lighting configurations, as are
some top floors of many multi-
story buildings. Opportuni-
ties for top lighting can be
increased with building sec-
tions that step or are otherwise
configured to increase roof
areas. Illumination levels from
top lighting are roughly 3 times
greater than from sidelighting
of the same area.

N}/
< N

CLEARSTORY

South-facing clearstories pro-
vide illumination levels approx-
imately equal to skylights of
the same glazing area. Clear-
stories facing other directions
provide approximately half the
illumination of a skylight of the
same area. Sources of top light-
ing should be spread no more
than 1 to 2 times the height of
the opening above the floor.
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VEEP PROJELTIONS

INTERIOR REFLECTORS

In predominantly overcast
areas, top lighting with clear
glazing and no other means of
sun control may be acceptable,
but in most areas, top lighting
should be oriented away from
the sun or control devices
should be used to prevent sun-
light passing in unimpeded to
the task area.

Interior reflectors, exterior
louvers, translucent light-dif-
fusing materials, and deep
openings with reflective sur-
faces can be effective in this
regard. Devices located exte-
rior to the opening can exclude
solar heat from the interior and
may be helpful in areas where
high heat gain is common. See
item b on p. 172.

When these devices are
placed on the inside, they may
also be helpful in distributing
the daylight farther from the
opening and creating more
even illumination within the
space.

Light distribution from sky-
lights is intrinsically more uni-
form than that from windows.
Light diffusion can be achieved
by using diffusing plastic bub-
ble skylights, high transmission
glazing with a diffusion screen
below, some of the fritted
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glasses, or laminates with dif-
fusing layers or exterior shad-
ing systems.

Light wells can reduce the
amount of light entering a
space from as little as 10% to
as much as 85%. Splayed wells
with high-reflectance finishes
are the best performers. Ade-
quate daylight in most climates
is provided with skylight areas
of 4% to 8% with relatively
high transmittance glazing. For
complete glazed roof areas, the
transmittance should be about
5%.

CLEAR
PIFFUSING

4N

N
~ -~ S

~ ” ~

SKYLIGHT TYPES

Rules of thumb for sizing glazing: Daylight can be
used to reduce the need for electrical lighting, but
too much daylight can create glare, cause the air
conditioning load of the building to rise, or lead to
other overheating problems. The following list pro-
vides a useful guide to determining the approximate
daylight aperture areas that will balance lighting
and AC requirements.
Sidelighting
__ (1) Rough rules of thumb:
Window openings: 10% (min.) to 25% of
floor area; 25% to 40% of wall area
Room depth: 2 fo 2 times window height
(usually 15" 0 30").
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__ (2) Establish desirable illumination levels from
p- 566.

_ (3) Sizing sidelighting:

__ (a) Window height to depth of pene-
tration of light:
___ (i) An 8- to 9'-high window

(H) will give full daylight

to a depth of about 15

(D1). As window height

increases, depth increases

at aratio of 1 to 2.

An 8- to 9'-high window

(H) will give partial day-

lighting (requiring addi-

tional artificial lights) to a

depth of about 25" to 30’

(D2). As window height

increases, depth increases

ataratio of 1 to 3.

(a) Window width: To get
even light distribu-
tion, a window opening
should be at least half
as wide as the length of
its wall.

(b) Window _area: The
following areas light
1500 SF of floor area.
Each lighting category
(see p. 566) increas-
ingly needs more light
and thus greater win-
dow area.

Window area in SF (to light 1500 SF of floor)

Category Sunny Cloudy
A 10 to 25
B 25 to 55
C 55 to 100
D 100 to 250
E 250 to 500
F+ 500 to 1000

To light larger (or smaller) floor areas, as window area
increases (or decreases), floor area increases (or decreases) at
same ratio.
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EXAMPLE

CATEGORY A, CLOUDY , INCREAGE FLOOR AREA TO 2000%%

25 . S = & NpPowW
Eon 2000 X BOSF of WI
Toplighting

(1) Rough rules of thumb:

Skylights:

5% to 10% (max.) of ceiling

area. Space at I fo 2 times
ceiling-to-workplane height.

Clearstories:

10% of wall area. Space 1.5
times

ceiling-to-workplane

height. At a point /5" from
rear wall:

For overcast sky (1500 fc)
climates, provide 15" of
glazing height per 10 fc on
average workplane.

For clear climate (5000 fc),
provide 2".

__ (2) Establish desirable illumination levels from

p. 566.

__ (3) Sizing toplighting:
__ (a) Spacing of skylights and clearsto-
ries can be roughly determined as

follows:

_ (i)

___ (i) Large

Small skylights at 10’ ceiling
height (H) should be spaced
at 10’ (S). Greater (or less)
height to spacing can be
determined by a ratio of 1
to1 (i.e.,30' His 30’ S).
Clearstories at a 13.5' ceil-
ing height (H) should be
spaced at 20" (S). Greater
(or less) height to spacing
can be determined by a
ratio of 1 to 1.5.

skylights  (larger
than 30 SF) at a ceiling
height of 15" (H) should be
spaced at 30" (S). Greater
(or less) height to spacing
can be determined by a
ratio of 1 to 2.



Lighting 581

___ (b) Area of glazing: The following top-
light areas light 1500 SF of floor
area. Each lighting category (see
p. 566) increasingly needs more
light and thus greater light area. If
toplighting is by clearstory and
other than south facing, double
glass areas.

Window area in SF (to light 1500 SF of floor)

Category Sunny Cloudy
A 2.5 to 6
B 6 to 12
C 12 to 25
D 25 to 60
E 60 to 120
F+ 120 to 250

To light larger (or smaller) floor areas, as glass area increases
(or decreases), floor area increases (or decreases) at same
ratio.

EXAMPLE

CATEGORY A, CLOUDY, 32000 %F FLOOR AREA
X

© ~ = HT AREA
266 > 3000 X = 12%F oF Tor LIGHT A

Combined side and toplighting can be used to distrib-
ute daylighting deeper into the interior than is pos-
sible with just sidelighting. Recommended spacings as
shown:

L l.5H6°¢l‘l/1}‘{ 2Ht or Lese N

He
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___ g Estimating illumination (daylight factors methods)
__ (1) Determine available daylight based on sky
conditions (in fc on horizontal surface)
and time of day:

Noon 8 AM or 4 PM
Clear Sky
Summer 10,000 to 9000 5250
Spring/Fall 8500 to 7250 3750 to 3500
Winter 5750 to 4000 2500 to 1750
Partly Cloudy Sky
Summer 7000 to 6000 3250
Spring/Fall 5500 to 4500 2250 to 2000
Winter 3000 to 2500 1250 to 1000
Overcast Sky
Summer 4250 to 2750 2000 to 1500
Spring/Fall 2500 to 1750 1250 to 1000
Winter 1250 to 1000 500

Note: Higher numbers are for lower latitudes (32°N and less).
Lower numbers are for higher latitudes (44°N and more).

(2) Calculate the “daylight factor” which ends
up being a percentage applied against sky
illumination available. This factor is based
on a number of design variables, as follows:
__ (a) Top lighting

(F) x (U) x (Ag)
Af

where  F =the window factor, given the
amount of skylight incident
on the roof. F is equal to 1
for an unobstructed site.
U = the coefficient of utilization-
ratio of light reaching the
reference plane.

Factor =



—
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Average
Interior Reflectance
U Values 50% 20%
Monitors
horizontal to 30° 0.4 0.3
Monitors at 60° 0.25 0.2

Vertical monitors 0.15-0.2 0.1-0.15

Ag = area of glazing
Af = area of floor

__ (b) Side lighting
10 WH? 4GR
+
D(D?+H?)  F(1-R)
where  F =floor area
H = height of top of window above
reference plane.
W = width of window
D = distance of window to refer-
ence point.
R = reflectance of walls in % (see
p.432)
G =net area of glass

Factor =

Multiply sky illumination in (1) above by
the daylight factor from either top lighting
(a) or side lighting (b) to get illumination in
fc on work plane.

Note: This method is mainly designed for
overcast sky conditions, so the “cosine”
method (see p. 565) may be best for direct
sunlight.
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5KY PRIGHTNESS VALIES
COMBINED WITH THE COSINE LuMiNaNcE
EFFECT OF CRIENTATION CAN !
BE UGED TO ESTIMATE SUR- |

!

Lo6 APPAREN
FACE BRIGHTNESS LEVELS. | T e
P—
== —
ILLUMINATED WORKIFIANE
":}“’{"_.

LYMINANCE

Id Aot

v 1 4 somedosy vane

Costs: Skylights = $7.20 to $220/SF (at average, 80% M and 20%
L). Lower number is for large-area skylights and vice versa.
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———-E XAM PLE . (~ Winoows

PRO QLEM % ;‘51 () 143 [ 3 |23 F'

ESTIMATE DAYUGHTING —+ o+ *

AT THE % LOCATIONS IN 29 SECTION

THE [LLUSTRATED RooM. 20 __

E4TIMATE THE % 9KY + 4 L7

CONPITIONS , THE SiTE % 7

19 CHICASD, TL., FI4IRE N +f “1,

THe % SEALONS AND +f .

7 TIMES A DAY. _—— -2
't—w:uwowe PLAN

S50LUTION =

1. AVAILABLE ILUMINATION FoR CHIcAGO, AT LATITUDE
415 & B2% SN (SEE AP B, ITEMS A § K, Fodz)
Wouw BE THE LOWER. MIPDLE OF THE NUMBERS ON

P 5872, ASSIME:

CleaR SxY
SUMMER
SPENG [ FAe
WINTER
PARTLY Lrovmy Sy
SUMMER.
SPRING [ FALL
WINTER
ONERCAST iKY
SYMMER.
LSPRING | FAL-
WiNTER-

SEVECT BRICHTEST - SYMMER ; Noon = G200 Fe

WiNTeR, 2Am ok 4 Pm:= S0oFc
ANMNZE THESE TWO EXTREMES

Selelt Dimmest ©

Z. DAYUGHT FACTOR Fob WINOp W "SI0 LicH TInG":
# er
E(l-~R)

F‘a'_o_—“l_"!_q:——

D(pz+H?)

Noon

9200 Fe
T500 e
4200 7L

@200 F¢
4700 FL
2000 F

2800 Fc
1800 F¢
oo Fe

——

SAM £ 47M

57260 Fc
2600 Fc

{800 Fe

3750 Fc
2100 F¢
fooo F¢

1600 Fc
{100 F¢
500 Fc

~CoNTINVED -




586

The Architect’s Portable Handbook

L

WHERE ¢ F = 20' ¥ 50" = 000 SF
b= 5.5
W= 45
p=P=%,P2=9, Pz =17
& 95 ¥us' = 247.8 5F
R = A%5UMe 207

F= 10(45)(52%) + 4(2415%) (50

(%3,9,% 1) (P?+ 2015) tooo (1~ 50)

!

F=z = 15.6 = 156
Pa= 4.6 = .l4e
Fa> %.5 = .0%5

2, ILLUMINATION  AVALABLE TATUeHT oF A200Fc ¥
500 FL X FALTorS *

SUMHZL Nogn WINTER, AM & PN
p-i loeoo £c 515 Fc*
7-7 1% 40 Fc 1% F¢
P-% %72 FL 20 Fr

¥ LiNce Thest NYMBERS Afe EREATER. THAN THE
AVAILABLE. DAYUGLHT, TAKE 40 7. OF AVAILABLE DAY -
LIGHT ¢ 8280 Fr 450 FL

¢ \F THE WiNDOW 15 FALNG S0UTH,, THE [LUMINATION Wik
BE T00 BRIGHT (AT LgasT AT P-1) AND BLNDS (0R
GPELIAL LARASS) Wiw HAVE TV BE V%D IN SUMMER. .

¢ IF THE WINDOW 15 FACING NORTH, THE CLEAR. SKY KE-
ST ARE INVAULID. USE TARTLT Lipvod LONDfTONS .

° Te P Poorion IN WINTER Wil PROBABLT NoOT HAvE
ENOUSHT NATORAL' LLLUMINATION | 40 ELECTRIC LGHTING
WilL HAVE To Pe AVDED AloNé THE ReEAZ WAL,
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__ 3. Electric (Artificial) nghtlng

B‘<S‘<51<131<16 561
For energy conservatlon see p. 193. For site- -lighting costs,
see p. 265.
__a. Lamp types

— M

)

Incandescent lamps produce a warm light,
are inexpensive and easy to use but have
limited lumination per watt (20 to 40) and a
short life. Normal voltage lamps produce a
point source of light. Most common shapes
are A, R, and PAR. Low voltage lamps pro-
duce a very small point of intense bright-
ness that can be focused into a precise beam
of light (for merchandise or art). These are

usually PAR shapes or designed to fit into a

parabolic reflector. Sizes are designated in

% inch of the widest part of lamp. Tungsten-

Halogen (quartz) and low voltage are a spe-

cial type of incandescent. Quartz is another

type of incandescent that has high-intensity
white light with slightly longer life.

Gaseous discharge lamps produce light by

passing electricity through a gas. These

lamps require a ballast to get the lamp
started and then to control the current.

__ (a) Fluorescent lamps produce a wide,
linear, diffuse light source that is
well-suited to spreading light
downward to the working surfaces
of desks or displays in a commer-
cial environment with normal ceil-
ing heights (8' to 12'). Lamps are
typically 17, 25, or 32 watts. The
deluxe lamps have good color-ren-
dering characteristics and can be
chosen to favor the cool (blue) or
the warm (red) end of the spec-
trum. Dimmers for fluorescents are
expensive. Fluorescent lamps pro-
duce more light per watt of energy
(70=85 lumens/watt) than incandes-
cent; thus operating costs are low.
The purchase price and length of
life of fluorescent lamps are greater
than for incandescent and less than
for HID. Four-feet lamp lengths
utilize 40 watts and are most com-

589
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—_(b)

mon. Designations are F followed
by wattage, shape, size, color, and a
form factor.

High-intensity _discharge (HID)
lamps can be focused into a fairly
good beam of light. These lamps,
matched with an appropriate fix-
ture are well-suited to beaming
light down to the working place
from a high ceiling (12’ to 20').
Dimming HID lamps is difficult.
The lamps are expensive but pro-
duce a lot of light and last a long
time. If there is a power interrup-
tion, HID lamps will go out and
cannot come on again for about 70
minutes while they cool down.
Therefore, in an installation of HID
lamps, a few incandescent or fluo-
rescent lamps are needed to provide
backup lighting. Since they operate
at high temperatures, they would
be a poor choice for low ceilings,
wall sconces, or any other close-
proximity light source. They would
also be a poor choice in assem-
blies and other occupancies where
power outages could cause panic.
__ Mercury vapor (MV; the bluish
street lamps). Because they
emit a blue-green light, they
are excellent for highlighting
foliage, green copper exteriors,
and certain signage. Deluxe
version is warmer. 35 to 65
lumens/watt. This is not much
used anymore.

Metal halide (MH) are often ice
blue cool industrial-looking
lamps. Deluxe color rendering
bulbs are 50 to 400 watts, and
almost as good as deluxe fluo-
rescent for a warmer effect.
Efficiency is 80 lumens/watt.
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___ High-pressure sodium (HPS)
produces a warm golden yellow
light often used for highways.
Bulbs are 35 to 400 watts. De-
luxe color rendering is almost as
cool as deluxe fluorescent for a
cooler effect. Efficiency is 100
lumens/watt.

Low-pressure _sodium (LPS)
produces a yellow color which
makes all colors appear in
shades of grey. They are ex-
cellent for promoting plant
growth indoors. Bulbs are typi-
cally 35 to 180 watts. Used for
parking lots and roadways.
Efficiency is 150 lumens/watt.
Cold cathode (neon) has a color
dependent on the gas and the color
of the tube. Can be most any color.
Does not give off enough light for
detailed visual tasks, but does give
off enough light for attracting atten-
tion, indoors or out.
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COMMON LAMP SIZES & SHAPES

LAMP SHAPE LAMP %122 (No% = DIAMETERS IN )

TYPE DESIGNATION ] @ F MY MH MP P

A O 2% - — 23 - - -
v

E Q -~ - - BB B -

[
ED O - = - 737 - (731 -
9 v

QT

T D &2l 35 - - 5 0 17-2]

BT .<> - - - - -

R v l4-€D 1230 —~ 40-€0 4060 - «—
9

ER 4 040 - - - - -

PAR lo-6h b-ch — 26 38 B -
% BEAM SPREAVS RANGE FROM E°T0 120°
MR v v - e - - - - -

8-10 -~ B5B-17 - - - -
STRAIGHT TUBE %
6 L= 24“ L=4.96"

oe§00T - - vo

- - " 6- - -
DOUBLE-ENDED o= 0 ,_,4. o" L=4-14"

\
!
l
1

I.  LAMP SHAPE UESIGNATIONS ; A = ARBITRARY OR STANDARD,
E = ELONGATED, D = ELLIPSOIDAL, 6 = GLOBE, R = REPLECTDR
ER = ELUP TicAL REFLECTOR, PAR = PARAaouc ALUMINIZED
REFLECTOR, T = TUBULAR, b‘r BLOWN TUBE , MR = MULTIFAC-
ETED REAECTOR (SMALL @uARTZ CAPSULE IN A FACETED GA% REFLECTOR),

2. LAMP TYPE DEGIGNATIONS > T = INCANDESCENT, @ = QUARTZ, F =
FLUORESCENT, MV = MERCURY VAFOR, MH = METAL HALIPE, HP=
HioH PRESSURE SOPWM, LP = LOW PRESSURE SOPIUM.
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_ b. Types of reflectors:

ELLIPGE PARABOLA HYPERBOLA

W TN T

CONVERGING RAYS PARALLEL RAYS UNERGING RAYS

TYPES oF INTRINGIC
DIFFUSE. RAYS REFLECTORS

PYRAMID scoop GABLE

TYPES OF REFLECTORS

¢ Lighting systems and fixture types

Note: Costs include lamps, fixture, and installation
labor, but not general wiring. As a rule of
thumb, fixtures are 20% to 30%, and distri-
bution (not included in following costs) is
30% to 70%.

_ (1) General room lighting
A large proportion of commercial space
requires even illumination on the work-
place. This can be done a number of ways.
__ (a) Direct lighting is the most common
form of general room lighting.




594 The Architect’s Portable Handbook

40 -100%

OIRECT

All recessed lighting is an example
of a direct lighting system, but a
pendant fixture could be direct if it
emits virtually no light above the
horizontal. Unless extensive wall
washing, or high light levels (as
with fluorescent for general office
lighting) are used, the overall im-
pression of a direct lighting system
should be one of low general
brightness with the possibility of
higher intensity accents.

A guide to determine max. spac-
ing is the spacing-to-mounting-
height ratio. The mounting height is
the height from the working place
(usually 2.5" above floor) to the level
of the height fixtures. Note that the
ratio does not apply to the end of
oblong fixtures due to the nature of
their light distribution.

Spacing = (%) x (Mounting Ht.)
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EXAMPLE :

WHAT 5 AN AVERAGE FLUORES CENT FIXTURE SPACING IF
THE CEILING 15 A AND THE S/MH RATIO 15 To Be 1.5 7

SAcinG = (1LB)(a -2.81) = 415

sav s 10!

Types of direct lighting are:

Wide-beam diffuse lighting is often
fluorescent lights for normal ceiling
heights (8" to 12). The fixtures will
produce a repetitive two-dimen-
sional pattern that becomes the
most prominent feature of the ceil-
ing plane. Typical S'MH = 1.5.

Typical recessed fluorescent fixture:

4'%" (LEND)

/ Q\Q\Q\Q\ o' (LoUVER)

£ (o= ?)

N

4

Costs: 2' x 4' = $100 to $170/ea. (85% M and 15% L), variation of

-10 l)/o, +20%.
2'%x2' =10% less
1' x4 =+10% more

Medium-beam downlighting is pro-
duced with a fixture located in or on
the ceiling that creates a beam of
light directed downward. In the cir-
culation and lobby areas of a build-
ing, incandescent lamps are often
used. For large areas, HID lamps
are often selected. In both cases the
light is in the form of a conical
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beam, and scallops of light will be
produced on wall surfaces.

S/MH is usually about 0.7 to 1.3.

-

R ™%, i
Typical fixture: | b Tsk'rol

|

= i

IE | 4" 10 24"

Cost: (per ea. fixture) (Variation of -10 to +35%).

Res. Comm.
Low voltage: $180 $365 (85% M and 15% L)
Incandescent: $75 $365 (90% M and 10% L)
Fluorescent: $150 $335 (85% M and 15% L)
HID: $180 $550 (80% M and 20% L)

__ Narrow beam downlights are often
used in the same situation as above,
but produce more of a spotlight
effect at low mounting heights. This
form of lighting is used to achieve
even illumination where the ceiling
height is relatively high. S'MH is
usually 0.3 to 0.9. Typical fixture
same as above.

Cost: Same as medium-beam downlighting above.
__ (b) Semidirect lighting

10 -40%
60-90%

SEMIDIRECT
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All systems other than direct ones neces-
sarily imply that the lighting fixtures are in
the space, whether pendant-mounted, sur-
face-mounted, or portable. A semidirect
system will provide good illumination on
horizontal surfaces, with moderate general

brightness.
Typical fixtures:
< SPOT
LS N PENDANT
4 i _E NDA
e T S
. —F FLUORESCENT)
LINEAR & s
FLUORESCENT

Costs: Fluor.: $395 to $920 (90% M and 10% L)
Pendant: $180 to $550 (90% M and 10% L)

_ (¢) General diffuse lighting

TS
)

40-60%

40 -~ 0%
GENERAL
DIFFUSE.

A general diffuse system most typically
consists of suspended fixtures, with pre-
dominantly translucent surfaces on all sides.
Can be incandescent, fluorescent, or HID.

Typical fixture: see sketch above
Costs: $90 to $670 (90% M and 10% L)
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___ (d) Direct-indirect lighting

40 -60%
40-60%

A direct-indirect will tend to equally
emphasize the upper and lower horizontal
planes in a space (i.e., the ceiling and floor).

DIRECT - INDIRECT

Typical fixture: same as semidirect
Costs: Same as Semidirect.

__ (e) Semi-indirect lighting

SEMI-INDIRECT
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A semi-indirect system will place the
emphasis on the ceiling, with some down-
ward or outward-directed light.

Typical fixture:

~&8' 18"
\

T oL < > 7

12! ‘ o L4 18"
™ 20" WALL 14 "TO |

. SCONCE 48
e To&l (lNCANp./ FLUOK., mp) PENDANT‘ UP

Costs: Wall sconce: $215 to $920 (90% M and 10% L)
Pendant: $425 to $2695 (85% M and 15% L)

_ (f) Indirect lightin

a0 ~ 10O %
O - [0‘7&

INDIRECT

A fully indirect system will bounce all the
light off the ceiling, resulting in a low-
contrast environment with little shadow.

Typical fixture: Same as Direct-Indirect.
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Costs: Same as Direct-Indirect.

Note: ADA requires that, along accessible
routes, wall-mounted fixtures protrude no
more than 4” when mounted lower than
6'8" AFF.

__ (g) Accentor specialty lighting

ACCENT
Used for special effects or spot lighting,

such as lighting art objects or products on
display.

Typical fixtures: e
< el

RECESSED
TRACK  ACCENT

Costs: Track: $100 to $550 (90% M and 10%L)
Recessed accent: $180 to $1225 (80% M and 20% L)

d. Simplified calculations
(1) For estimating light from one source (such
as a painting on a wall lit by a ceiling
mounted spot) use the Cosine Method
shown on p. 565.
___ (2) For general room lighting use the Zonal
Cavity Method.
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ZONAL CAVITY CALCULATIONS METHOD FOR GENERAL LIGHTING

m m . RooM canTY — _ (58) (W) (LENGTH + WIDTH)
X LIGHT FIXTIRES | gu.  RATIO (RCR) LENETH X WIDTH
Loy
HT. H= HEIGHT FROM THE WORK PLAN (2.5 FT. AZ0VE
— ~ WOBK PLANE 25 FLOOR) To BoTToM OF LIGHT FIXTURES.
) 2

LENETH € WipTH = ROOM DIMENSIONS

NUMBEROF _ (FOOTCANDLES) ¥ (AREAOF RooM)
EIXTURES  (LUMEN® PER FIXTURE) X (CU) ¥ (MAINT FACTOR)

FOOTCANILES = THE PEGIRED WUMINATION ON THE WORK, PLANE,
SEE PART 1.

LUMENS PER FIXTURE = (LUMENS PER LAMP) ¥ { NUMBER OF LAMPS
IN THE FixTURE).

CU = COEFFICIENT OF VUTILIZATION
THE COEFFICIENT OF UTILIZATION EXPRESSES THE. EFFICIENCY
OF THE. LIGHT FIXTURE ROOM COMPBINATION, [T 16 DEFENDENT
ON FIXTURE EFFICIENCY, DISTRIBUTION OF LIGHT FROM THE
FIXTURE, ROOM ZHAPE, AND ROOM SURFACE REFLECTANCES,
LIEHT FIXTURE MANUFACTURERS PRINT TABLES LSTING THE
CU A% A FUNCTION OF ROOM CAVITY RATIO AND ROOM RFACE.
REFLELTANCES FOR EAGH INGVIDVAL LIEHT FIXTURE, HEE
NEXT FAGE.,

MAINTENANCE FACTOR = YARIES FROM 0,85 To 0.6%. THE MAINT
FACTOR. APNSTS THE CALLULATION FOR THE FACT THAT LAMPS
PROVICE. L ESG LICHT AL THEY £ET OMWIER AND FIXTURES
GET DIRTY AND REFLECT LESS LIGHT OUT OF THE PYXTURE,
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TYPICAL COEBFFICIENTS OF UTILIZATION

INCANDESCENT PATTERN DowWnNLIGHT

RooM TYPE

[Hiew RefL. A

Low RER..FIN.

TYP, GMALLER RMS
(HoD. Low £L'&.)

0.70 10 0.80

0.60 T 0©.70)

T LARGER RS,
RELATIVELY WI6H A8

0.8% To 0.90

0.80 10 0.85

RELATIVELY LOW CLG.

090 10 0.95

0.8% 10 0.90

FLUOREGCENT, 2x4,

(PRIGMATIC LENS)

RooM TYFPE Tﬂsu REFL. Finl]

LOW REFL. FIN,

TP, SMALER
(Mop. Low <L

5

0.%5 T0 0.45

0.30 10 040

THY. LARGER RMO,
RelanveLy Hisd %
RELATHELY Low £1%.

0,50 1 0.60
0:60 To ©.10

O.45 100,50,
0.5% 10 0,60

FLUORESCENT , 2% 4,

(PARABOLIC. LOUVE

ROOM TYPE

lu 16H REFL. FIN .

LowW RefL.FIN.

TYFP, GMALLER RM
(Mov. Low ci'e%.)

0.30 10 0.4%

0,261 0.38

TY. LARGER RM6.

RELATIVELY HIGH (L&
RELATIVELY LOW L6

0.9% 10 0.6%
0.65 1 0.75

0.45 W 0.55
0.5% 10 0.65

FLUORESGCENT PATTERN OF INDIRECT LiGHTING

Roomt TYPE

164 REFL. FIN,

Low RefL. AN,

TP, SMALLER. RMS,
(Mov. Low ¢L'é5)

0.3% To 0.50]

049 To 0.20

VP LARCER RM%

IRELATIVELY HI6H U8
MELATIVELY LOW (U4

O0.40 10 0.65
0.50 10 0.7%

0.20 To 0,90
0.30 To 0.40

HID PATTERN OF INDIRGCT LIGHTING

RooM TYPE

HigH ReFL.FiN.

Low ReF-.FIN.

TYR SMAULER RHS,
(MOD. VoW £L'65)

028 To 0.8

0.05 T2 0.15

TYC, LARGER RMS,
RELATIVELY HiGH (65

O.40 10 0.5%

o.10 1o o206

RELATIVELY Low (b,

0.%0 10 0,6%

O.lo To O0.19
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TEXAMPLE :

20
PROBLEM ¢
Do A PRELM. PESIEN OF A »
20" x 20" clA%s RooM W/ T T==7 1

DesK HEIHT oF 2.5' AND
LEILING HEIGHT oF 4" V€ -
2 x 4 LAY IN FLUOR. LigH™ =
WITH 4 - 27 WATT L AMPZ, -
AsiMe REFECTANCE OF 141 ] 8
Lelunesr = B0 % WALS = =

B0 % ; AND FLOORS? 407 PN "9 #

—_—
N
—_—

244 FLWR . FIXTURE ————[—E—)__‘:

B

S0LUTION:
L NO, OF FixTURESZ = _FC * A .
WM/FIX x LY X MF
WHERE : FC = PESARE0 L6HT LEVEL , Se1ecr 15 FL (P, 566)
A = ARea oF Room = 20'%3%0' = Loo SF
WHM./Eix, = AbiMe 80 LM /waTt (see 7. 589)
X B2 WATTS X 4 AmPS = |0 240
LuM. /Eix.
LU = LOBF. 0F UTUZATION . FROM TPIcAL < $
ON F.602, AT FiLioR. 21X 4, SELECT 0.6
MF = MAINT. FACTOR (P. &01 ), Se1BlT 0.5

= 5 ¥ oo = 9.5
10240 ¥ 0.6 ¥ 0.% oAl 4 Fix.

7. NG (P94 Por DeeLt Fiuol= 2/MH = 1.5
el = U-BN(4-2.6) = 4.75" %7 10!

D, LA owT Ao SHoWN Atove-,
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___ e Exterior lighting: As with all exterior lighting, avoid
light spill onto adjacent property and night-sky pol-
lution.

__ (1) Parking lot lighting: Space 4 times pole
height for range of 0.8 fc to 3.6 fc.

LUMINAIRE FOR
FREEWAY
INTERSECTIONS
AND VERY LARGE
PARKING LOT®

ﬂﬁ?ﬁ T
LUMINAIRE FOR MOST

ROAPS AND PARKING LOTS

LUMINAIRE
FOR MALLS,
v BUILDING
F ENTRIES,
AND FORMAL
STREET
LIGHTING

80 ' TO 120}

HIGH MAST SHOEBOX OR DECORATIVE
COBRAHEAD LUMINAIRE
ON MAST ARM ON POLE

_ (2) Landmark lighting is the lighting of build-
ing facades, monuments, or other promi-
nent objects. This is most effective if the
object is light in color, rough, or varied in
texture, and has a dark surround. Possibili-
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ties are scalloping (10-20° angles) or graz-
ing (1-5° angles).

Landscape and pathway lighting: For public
plazas, space short poles or bollard lights at
about 4 times their height. At walkways in
landscaping, place lights at terminals such
as walk corners, steps, landings, overlooks,
and transitions. Place pathway lights at 15’
to 30" along walking surface, using narrow
cone downlight. Place lights within land-
scape area for best visual effect.
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COMMON EXTERIOR LIGHTING

TYPE USE
BOLLARDS WALKWAY AND FATH WAY

LIGHTING. ATYPICAL BOL-
LARD 15 42/l - 48" HIGH &
USES A LAMP RANGING FROM
ABOUT %5 WATT To 100 WATT
Hip,

STEP LIGHTS WALKWAY AND STAIRWAY
LGHTING FROM ADJACENT
SIPE WALLS, THE LIGHT

T
{ ~ & MOUNTED AT OR BELOW
A THE RAIL REIGHT.
Sy
~

WELL UGHTS, DIRECT  TLLUMINATION OF TREES €
BURIAL LIGHTS STRUCTURES FROM BELOW
FROM CONCEALED UPLIGHT®,

@ LENS

LANDECAPE LIGHTS A WIDE VARIETY OF Low

LEVEL LIGHTS, SUCH A6 PATH,
PLANTER BED, AND WALLWAGH
LIGHTS AND UPLIGHTS IN SEV-
ERAL STYLES., FOR RESID-
ENT! AL LANDECAPES, MOST
LIGHTING SYSTEMS ARE LOW

ﬁ g VOLTAGE (TYF12V),
)

4
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DOWNLIGHTING

BACKLIGHTING UPLIGHTING
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__ B. POWER AND TELEPHONE

T AN T AR 9
(B) (1) (0) (1) (16)(27)
For Energy Conservation, see p. 193. For Costs, see App. A,

item K. The architect needs to contact the utilities early to
verify power availability and type.

__ 1. Electrical Power

PIPE = CONDUCTOR
FLOW = CURRENT (AMPS)
FRICTION = RESIGTARCE (OHMS)

T PAUCET = swiTCH

POWER = WATTS

a. Water analogy (an electrical circuit)
1 volt = Force needed to drive a current of 1 amp
through a resistance of 1 ohm.
1 watt = Rate at which electrical energy is consumed
in a circuit with a force of 1 volt in a current
of 1 amp.

b. Basic formulas
___ Power formula: Watts = volts x amps
Used to convert wattage ratings of devices to amps.
Wires and circuits are rated by amps.
__ Ohm’s law:

volts

Amps =
P ohms

Devices may draw different amperage even though

connected to the same voltage.

¢. Modern electronics and computers are increasingly
having an impact on building design, requiring more
space than ever.

d. A building’s electrical system has three general parts:
service (where the power enters and is regulated), dis-
tribution (the network of wires that carry power to all
parts of the building), and circuits (where the energy

609
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is utilized). An electrical system may be classified as
small, medium, or large. As a rule, provide 20% to
30% of breaker space for future expansion.

___ e Building power systems consist of:

__ Transformer to reduce voltage from utility
power grid. Exterior ones should ideally be 20’
away from the building.

__ Main switchboard (sometimes called service
entrance section or switchgear) with main dis-
connect and distribution through circuit break-
ers or fused switches.

___ Subpanels and branch circuits to distribute
power throughout building.

More detailed description based on building size:

— M

)

Residential and small commercial buildings

typically use 120/240 volt, single-phase

power, at 60 to 200 amps and one or two
panel boxes.

__ (a) Transformers are pole mounted
(oil cooled, 18" dia. x 3' H) or for
underground system, oil or dry type
pad mounted on ground. Both out-
side building.

__ (b) Main switchboard usually located
at power entry to building and typ-
ically sized at 20" W x 5"D x 30" H.

__ (¢) Branch circuits should not extend
more than 700" from panel. Panel
boards are approx. 20" W x 5"D x
30" to 60" H. The max. no. of break-
ers per panel is 42.

__ (d) Clearance in front of panels and
switch boards is usually 3’ t0 6.

Medium-sized commercial buildings typi-

cally use 120/208 V, 3-phase power to

operate large motors used for HVAC, etc.,
as well as to provide 120 V for lights and

outlets. Service is typically 800 to 1200

amps.

__ (a) Transformer is typically liquid-
cooled, pad-mounted outside build-
ing and should have 4 clearance
around and be within 30" of a drive.
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The size can be approximated by
area served:

Area No. res. units Pad size
18,000 SF 50 4" x4
60,000 SF 160 4.5' x4.5'

180,000 SF 8 x 8

___ (b) Main switchboard for lower voltage
is approx. 6'W x 2'D x 7'H (for
2000 amps or less or up to 70,000
SF bld’g.). Provide 3’ to 6" space in
front for access. Higher voltage
require access from both sides. 3000
amps is usually the largest switch-
board possible.

__ (¢) Branch panels: For general lighting
and outlets is same as for residen-
tial and small commercial except
there are more panels and at least
one per floor. The panel boards are
generally related to the functional
groupings of the building.

For motor panels, see large build-
ings.

_ (3) Large commercial buildings often use
2771480 'V, 3-phase power. They typically
purchase power at higher voltage and step
down within the building system. Typically,
electrical rooms are required, ideally with
two exits (one to the outside). All large
electrical components require 3.5" in front
and side, 2.5' at rear, and 3’ above, for clear
access.

__ (a) TIransformer is typically owned by
the building and located in a vault
inside or outside (underground).
Vault should be located adjacent to
exterior wall, ventilated, fire-rated,
and have two exits. Smaller dry
transformers located throughout
the building will step the 480 V
down to 120 V. See below for size.

__ (b) Main switchboard is approx. 10 to
15'Wx5'D x 7"H with 4 to 6’ main-
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tenance space on all sides. Typical
sizes of transformer vaults and
switchgear rooms:

Commercial Residential Transformer Switchgear
building building vault room
100,000 SF 200,000 SF  20'x20"'x 11" 30"x20"x 11’
150,000 SF 300,000 SF (30" x 30" x 11" combination)
300,000 SF 600,000 SF 20" x40"x 11"  30'x40"x 11’

1,000,000 SF 2,000,000 SF  20'x 80" x 11" 30" x 80" x 11

— (©

__ ()

Over 3000 amp, go to multiple ser-

vices. XFMR vaults need to be sep-

arated from rest of the building by
at least 2-hr. walls.

Branch panels

___ Panels for lighting and outlets
will be same as for medium-
sized buildings except that they
are often located in closets
with telephone equip. The area
needed is approx. 0.005 x the
building area served.

___ Motor controller panel boards
for HVAC equip., elev’s., and
other large equipment are often
in (or next to) mechanical
room, against a wall. A basic
panel module is approx. I'W x
1.5'D x 7’H. One module can
accommodate 2- to 4-motor
control units stacked on top of
one another. Smaller motors in
isolated locations require indi-
vidual motor control units
approx. I'Wx 6"D x 1.5'H.

Other: In many buildings an emer-

gency generator is required. Best

location is outside near switchgear

room. If inside, plan on a room 12'W

x 18’ to 22'L. If emergency power is

other than for life safety, size

requirements can go up greatly. In
any case, the generator needs com-
bustion air and possibly cooling.
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___f Miscellaneous items on electrical
__ (1) Circuit symbols on electrical plans

NO. 0F Mick" O siNeLE RecerTACLE
MARKS INDILATE "HoMe RUN" DUPLEX RECEPTACLE
No. OF WIKC—%XI To FANEL POUBLE DUPLEX

we O Wares peeor
5O Compo swired ¢ Recer,

\ Fleor, OUTLET
\ LINE coNDveTOR. (IP PUPLEX W/

'GROUND FAULT GFCI

INDICATES
CIRCUIT

EQUIPMENT GROUNDING
CoNDULTOR,

__ (2) Lightning protection: As a rule, a tall build-
ing should have at least 2 lightning rods on
its roof, with special conductors down to
ground terminals.

___ (3) For fire alarms, see p. 524.

___ (4) Residential
__ (a) Service drops (overhead lines)

must be:

___ 10’ above ground or
sidewalk

___ 15" above driveways

___ 18 above streets

__(b) A min. of I wall switch
controlling lighting outlets
required in all rooms (but
convenience outlets may
apply in main rooms).

__ (¢) Allrooms require a conve-
nience outlet every 12
along walls, 2’ or longer.

___ (d) Provide sufficient 15- and
20-amp circuits for min.
of 3 watts of powerl
SE One circuit for every
500 to 600 SE.

__(e) A min. of two #12 wire
(copper), 20-amp small ap-

7 g pliance circuits required

pantry, dining, family, ex-
PLAN OF QUTLETS IN ATYE RCOM tended to kitchen.
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2. 28 ' 2 4 __ (f) Amin. of one #12 wire, 20-
H"‘_‘)]_H(‘““ amp circuit required for
laundry receptacle.

__(8) A min. of one receptacle

per bathroom with ground

THPICAL GFIC O fault circuit interrupter
&

o
ReFER

OUTLET- protection (GFCI, re-
% quired within 6’ of water
~ outlet and at exteriors).

_‘L‘?‘ ___ (h) A min. of one 20-amp out-

i oQ let (GFCI) required in
N Oo basement, garage, patios,
w 7 kitchen counters, wet bars,
~ and crawl spaces.
___ (i) Provide smoke detector.
See p. 84.

L4 P P T — (/) Mounting heights:
k‘iﬁH}—‘*‘_.;r’k—‘ Switches, counter recepta-
PLAN OF OUTLETS 0 KITCHEN cles, bath outlets: 4° AFF

Laundry: 3’6" AFF
Wall convenience outlets:
12" AFF

___ (3) For outlets and controls required to be HC
accessible, per ADA, place between 18" and
4’ AFF.

___ (4) Always check room switches against door
SWings.

__ (5) Check flush-mounted wall panels against
wall depth.

___ (6) Building must always be bonded and
grounded by connecting all metal piping to
electrical system, and by connecting electri-
cal system into the ground by either a
buried rod or plate outside the building or
by a wire in the footing (UFER).

___(7) Consider lightning protection by a system of
rods or masts on roof connected to a sepa-
rate ground and into the building elect.
ground system.



Power and Telephone 615

Costs (30% M and 70% L):
Outlets including wiring:
Residential: $50-$80/ea.
Commercial: $60-$90/ea.
Hospital: $70-$100/ea.

___ 2. Building Telephone and Signal Systems

__ a. Small buildings often have a telephone mounting
board (TMB) of %" plywood with size up to 4’ x 4.

b. Medium-size buildings often need a telephone
closetof 4" 0 6'.

¢. Large buildings typically have a 400-SF telephone
terminal room. Secondary distribution points typi-
cal throughout building (one per area or floor) usu-
ally combined with electrical distribution closets
(approx. 0.005 x area served).

d. ADA requires that where public phones are pro-
vided, at least one must be HC-accessible (1 per
floor, 1 per bank of phones). See ADA for special
requirements.

—V)' [ N‘L
[
—! 3
ISR
sl | g
. |
Ngi |=g
L d
L 4 M. ’

__e. ADA/ANSI now has requirements on emergency
signals (called “appliances”) in buildings. Where
required by code, wall-mounted appliances must be
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either 6’8" to 8" above floor or 4” to 12" below ceiling.
For very high rooms, ceiling-mounted appliances
must be suspended to be no higher than 30'. Corri-
dors must have appliances every 50’ to 100" and 15’
from ends. Rooms must have one appliance unless it
is not visible everywhere, limited to two, but 80’
square rooms or larger may require more.

__ 3.50lar Electric (Photovoltaics)

Photovoltaics produce electrical energy from sun-
light via solar electric panels facing sunlight (direct
or reflected). Although it is most desirable to face
these panels into direct sun, they can operate in any
sky type of light. Batteries store the energy until
needed, unless supplying the power grid.

About 10% are presently being used for remote
locations, such as rural houses away from the power
grid. The other 90% are being used on grid, usually
due to government or utility subsidies.

The off-grid houses cost about 20% to 30% above
conventional houses. Of the extra cost, about 55%
to 60% is due to photovoltaics and the rest for
added energy conservation features to reduce the
electric load.

For off-grids, size collector area at about /0% of
floor area served (7 to 12 watts/SF of panel). For
retrofits of less efficient homes, double or triple this.
If the house is also tied into the power grid, then this
can all be reduced.
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Size battery and converter storage area at about 1

SF for every 12 SF of collector area.

Collector area is made up of the PV modules and in

turn assembled into arrays. This should face south

with a tilt angle within the range of =75 deg. of the
site latitude, and be roof- or ground-mounted. PV
can also be building-integrated as part of wall or

roof systems. A typical PV module range is 3’ x 5.

Presently there are two types of PV being made:

__ (1) Crystalline modules require glass protec-
tion in steel frames.

___ (2) The newer thin films are glass modules or
lightweight flexible laminates that are more
durable but sometimes only 50% the effi-
ciency of crystalline (or about 7 watts/SF of
panel).

Other concerns are no year-around shadows on

panels; keep collector undersides cool; steel-frame

mounting for wind resistance and, if roof-mounted,
prevention of leaks. Be sure battery storage is well
ventilated.

PV presently costs about $9/watt (95% M and 5% L), for
off-grid situations. About half is the cost of the electronics
and half the cost of structural support. The actual PV sys-
tem for a house costs about $6 to 7/SF of the house area.
About 10% of this is for the storage batteries, which must
be replaced about every 6 years. On-grid costs are presently
at $6 to 7/watt.
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___ APPENDIX A: BUILDING-TYPE DATA

Entries A through L in the tables on pp. 622-635 provide rough costs
and other useful information, as described below, for the various listed
types of buildings.

A
__B.

C.

D.

Occupancy type per IBC. See p. 93.

Efficiency ratio: Average net-to-gross ratio as a
percentage of total. Also see p. 37.

Areas (SF): Give typical building KlS) \/22

areas.

Costs (3/SF): Typical SF costs based on areas in
item C above. The projects do not include any
site work or furniture, fixture, and equipment
costs. See p. 227 for site work costs.

. A/E (Architecturall Engineering) fees (% of item

D): Low figure equals minimal work, whereas
high equals comprehensive, detailed services. A
highest quality job may often go up another 5%
from the high shown. In any case, these are
rough numbers to begin an estimate of fees. See
p-3.

FF&E (Furniture, Fixture, and Equipment) costs
($/SF) are over and above costs given in item D
above, and are for items not generally provided
by the general contractor. These numbers are
for rough beginning planning. See pp. 456 and
462.

. Parking: Although local zoning ordinances will

give exact requirements, these numbers are
national standards that can be used for begin-
ning planning. See p. 227.

. The average partition density (Ilength of partition

based on floor area) is on the left. The average
door density (floor area per door) is on the right.

Fire protection classification designates what type
of sprinklers to use, when required. See p. 521.

A/C (Air Conditioning) loads are a range, given
in SF/Ton. See p. 546.

. Average mechanical (HVAC and plumbing) .
costs to left and electrical costs to right. Both are {

given as % of total costs (D, above).

Typical power requirements are given in watts/SF.
Typically, lighting takes 20 to 25% of total power.
See p. 609.
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APARTMENT (100000 9F -) Low Ave. High | AuPIToRIVM S Low Ave. High
__A. Occupancy Type R-Z _A. Occupancy Type A\

—B. Efficiency Ratio &5 _.B. Efficiency Ratio Jo

—C. Area (SF) 24000  AZooo 11500 |, Area (SF) 12600  2&000 loigoo
—D. Costs ($/SF) |27 &7 100 —D. Costs ($/5F) 125 185 AL
_—E. A/E Fees (% of D) Z @ & —E. A/E Fees (% of D) 2 T 5]
__F. FF&E Costs ($/SF) 12 & 24 | _F. FF&E Costs ($/5F) 47

—G. Parking (cAR/Pl) 0% |-0 1.5 |_G. Parking

—H. Partition/Door 8-9 6¥/L¢ $0-99 5§/ pr.|—H. Partition/Door

—. Fire Prot. Class LigHT L. Fire Prot. Class LAGHT

—_J. A/C (SF/Ton) 400 Hoo —J. A/C (SF/Ton) 150 Z.oo
—K. Mech./Elect. Costs (% of D) 14/ M 657 & §—K Mech./Elect. Costs (% ofD) 7714 &/ e
—L. Power (Watts/SF) 20 A —L. Power (Watts/SF) 2o 25
—M. Other _—M. Other

APAETHENT (100 000 SF +)| o Ave. High | Avre 465 Low Ave. High |
—A. Occupancy Type P-7 —A. Occupancy Type =

__B. Efficiency Ratio 223 __B. Efficiency Ratio

—C. Area (SF) 14000 213000 456000 |_C. Area (SF) \looo  Zomoo 27000
—D. Costs ($/SF) 80 105 124 ]|—D. Costs ($/SF) &3 82 a8
—E. A/E Fees (% of D) 5 & & __E. A/E Fees (% of D)

_—F. FF&E Costs ($/SF) 12 18 Z4 __F. FF&E Costs ($/SF) 7

—G. Parking (ca® /Ru.) 6-% (-] 1.5 }__G. Parking

_—H. Partition/Door 8-9 5F/L¢ 80~ A0 55/ pr, §—H. Partition/Door

_l. Fire Prot. Class LigHT 1. Fire Prot. Class OROWNARY

—_J. A/C (SF/Ton) 400 Goo —J. A/C (SF/Ton) 250 200
—K. Mech./Elect. Costs (%ofD) 1257 H 1.5/ € |—K Mech/Elect. Costs (%ofp) TZ M itZe
.. Power (Watts/SF) Zo z5 —L. Power (Watts/SF) 15 75

— M. Other

__M. Other

[44°}

}00qpUEH 3|qeLIOd S199)YdY dYL



ZANKS Low Ave. High | cAR waoH Low Ave. High
—A. Occupancy Type |24 A, Occupancy Type 2z
—B. Efficiency Ratio To —B. Efficiency Ratio
—C. Area (SF) 5%00 8o 20500 | —C. Area (SF) 2500
—D. Costs ($/SF) 140 RE 2%% —D. Costs ($/SF) g4 e
_—E. A/E Fees (% of D) & lo Z —E. A/E Fees (% of D)
_—F. FF&E Costs ($/SF) \Z 18 24 —F. FF&E Costs ($/SF)
—G. Parking (/7eR. looo $F) Z.5 % 2.5 __G. Parking
-—H. Partition/Door 19 - 20 $¢/LF 150 - 200 $¥/ R} ——H. Partition/Door
_.l. Fire Prot. Class LeHT .l. Fire Prot. Class
—_J. A/C (SF/Ton) %0 %00 —J. A/C (SF/Ton)
—K_ Mech./Elect. Costs (% of D) |24 ™M 127 & |« Mech./Elect. Costs (% of D)
—L. Power (Watts/SF) 15 20 —L. Power (Watts/SF)
—M. Other —M. Other
WL ING Anet Low Ave. High | CHvRcHES Low Ave. High
A, Occupancy Type A3 —A. Occupancy Type A3
_B. Efficiency Ratio —_B. Efficiency Ratio 1o
—C. Area (SF) 20 000 —C. Area (SF) Elvoc 14000 17300
—D. Costs ($/5F) a8.4c —_D. Costs ($/SF) 105 145 162
—E. A/E Fees (% of D) —E. A/E Fees (% of D) 4 1 3
_F. FF&E Costs ($/5F) —F. FF&E Costs ($/SF) 4 1Z 24
G, Parking —G. Parking (PER 1000 %F) o4
—H. Partition/Door —H. Partition/Door
. Fire Prot. Class _1. Fire Prot. Class Heu T
—J. A/C (SF/Ton) 200 200  |—J. A/C (SF/Ton) 100 Zoo
—K. Mech./Elect. Costs (% of D) —K. Mech./Elect. Costs (% ofD) 12 4 M asL e
—L. Power (Watts/SF) 0 25 L. Power (Watts/SF) 4 75

—M. Other

—M. Other

ejeq adA]-buipjing :y xipuaddy
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CONVENIgNCE MARKET [ ow Ave. High | £LV&/ HEALTH Low Ave. High |
—A. Occupancy Type M —A. Occupancy Type A-2
—B. Efficiency Ratio —.B. Efficiency Ratio
—C. Area (SF) Caaadd —C. Area (SF) 19000 200 44500
—D. Costs ($/SF) a4,60 —D. Costs ($/5F) 85 127 48
—E. A/E Fees (% of D) —E. A/E Fees (% of D)
—F. FF&E Costs ($/5SF) __F. FF&E Costs ($/SF)
—G. Parking —G. Parking
—H. Partition/Door —H. Partition/Door
.. Fire Prot. Class —_l. Fire Prot. Class LAgHT
—J. A/C (SF/Ton) —J. A/C (SF/Ton) oo 2>
—K. Mech./Elect. Costs (% of D) —K. Mech./Elect. Costs (% of D) 16/ M 0.3/ &
L. Power (Watts/SF) 4 2%  |—L. Power (Watts/SF) 20 2o
—M. Other —M. Other
VP, LoONTRY Low Ave, High | v, SociaL- Low Ave. High
—A. Occupancy Type A-23%,4,5 _-A. Occupancy Type A-Z A—%
—B. Efficiency Ratio —_B. Efficiency Ratio
[—C. Area (SF) 4500 aALoo 15000 §__C Area (SF)_ GO0 15000 20000
_.D. Costs ($/SF) 88 120 128 —.D. Costs ($/SF) 10 120 127
_E. A/E Fees (% of D) 4 7 i _E. A/E Fees (% of D)
—F. FF&E Costs ($/SF) 18 40 —F. FF&E Costs ($/SF)
—G. Parking (Per 10005F) 0.4~ —G. Parking_
—H. Partition/Door —H. Partition/Door
1. Fire Prot. Class LenT —\. Fire Prot. Class HEHT
—J. A/C (SF/Ton) 7Y Zoo |__). A/C (SF/Ton) 1B 200
—K. Mech./Elect. Costs (% of D} A A5%e |—K. Mech./Elect. Costs (% of D) '87 M a5l e
1. Power (Watts/SF) ze 25 —L. Power (Watts/SF) 20 bo

—M. Other

—M. Other

1£4°]
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COUBEE,, L0645 €H.4 AoM. | ow Ave. High COWESE, STomenit UNMIBN  Low Ave. High |
—A. Occupancy Type = —A. Occupancy Type A-2 A3
__B. Efficiency Ratio 2124 —B. Efficiency Ratio Go
—C. Area (SF) Spooo  BBop0 (53000 | —C. Area (SF) 44400 f2cco 123800
—D. Costs ($/SF) 125 157 200 | —D. Costs (3/5F) 121 104 185
_E. A/E Fees (% of D) 4 [ 2d a —E. A/E Fees (% of D)

—F. FF&E Costs ($/5F) i Z0 —F. FF&E Costs ($/SF) 7 Al

—G. Parking (PgR. Sruven) 2,45 —G. Parking
—H. Partition/Door —H. Partition/Door
1. Fire Prot. Class LeHT —\. Fire Prot. Class LieHT
—J. A/C (SF/Ton) \Bo 200 | —J. A/C (SF/Ton) 200 D>
—K. Mech./Elect. Costs (% ofD) 14.%7 M loZ €& | K. Mech./Elect. Costs (% of D) Z0-57 M /. e
—-L. Power (Watts/SF) 15 z% —L. Power (Watts/SF) Zo Ze
— M. Other —M. Other

COUEBEE, LKBORATIRY | oy Ave. High | COMMUNITY CENTER  Low Ave. High |
—A. Occupancy Type B _A. Occupancy Type A-%

—B. Efficiency Ratio —B. Efficiency Ratio

—C. Area (SF) 12000 40Boe  Booco |(. Area (SF) 13s0 18800 32600
—D. Costs ($/SF) 207 234 276 }_D. Costs ($/SF) o6 167 185
—E. A/E Fees (% of D) —E. A/E Fees (% of D) & 5 1z

—F. FF&E Costs ($/SF) 172 ) —F. FF&E Costs ($/SF) &

—G. Parking —G. Parking (Pgp, oosp) & 4 =
—H. Partition/Door —H. Partition/Door
_1. Fire Prot. Class 1. Fire Prot. Class Ueh T
-—J. A/C (SF/Ton) 150 Zoo | —J. A/C (SF/Ton) =0 200
—K. Mech,/Elect. Costs (% ofD) Z7/ ™ 07 2. | K. Mech./Elect. Costs (% of D) __ I&/ M 4.5/ e
—L. Power (Watts/SF) 5 2o —L. Power (Watts/SF) Zo Z5

—-M. Other

—M. Other

ejeq adA]-buipjing :y xipuaddy
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COURT HousE Low Ave. High §T&vAerManT SToRE Low Ave. High
—A. Occupancy Type A-2 —A. Occupancy Type M
—B. Efficiency Ratio &0 __B. Efficiency Ratio go
~—C. Area (SF) 17800 S2400 \oeooo B Area (SF) 54000 w1500 196500
—D. Costs ($/SF) 129 151 1112 §_D. Costs ($/SF) 59 &9.50 105 .50
—E. A/E Fees (% of D) —E. A/E Fees (% of D) 4 6.5 =3
__F. FF&E Costs ($/SF) %6 __F. FF&E Costs ($/SF)
—G. Parking __G. Parking (PER 10 SF) 4 5 55
—H. Partition/Door —H, Partition/Door 6o /L |15 SF/ pe)
—. Fire Prot. Class et |—1. Fire Prot. Class CRRINARY
—J. A/C (SF/Ton) 1B 20 ). A/C (SF/Ton) Zoo Zoo
—K. Mech./Elect. Costs (% ofD) 147 M o/ e §—K. Mech./Elect. Costs (% of D) 1G5/ M 1254
—L. Power (Watts/SF) 2¢> 25 __L. Power (Watts/SF) 1o | 5
—M. Other M. Other Zg£ Padr 14 oN ADA ELeN, FetMTS.
DAY CARS. CENTER  Low Ave. High | ToRMiTeRY Low Ave. High |
__A. Occupancy Type -2 I-4 J|—A. Occupancy Type ®-Z
—B. Efficiency Ratio __B. Efficiency Ratio &
—C. Area (SF) &ooo —C. Area (SF) 25000 _S°500 130000
—D. Costs ($/SF) 101 —D. Costs ($/SF) 9650 139 158
—E. A/E Fees (% of D) ..E. A/E Fees (% of D) & [~ &,
—F. FF&E Costs ($/SF) 18 __F. FF&E Costs ($/SF) 24
—G. Parking ——G. Parking
—H. Partition/Door __H. Partition/Door A%F /i A0 ¥ /pe
1. Fire Prot. Class __l. Fire Prot. Class Hen T
—.J. A/C (SF/Ton) Zoo Zoo  |—J. A/C (SF/Ton) 400 S0
—K. Mech./Elect, Costs (% of D) —K. Mech./Elect. Costs (% of D) |4/ M azi=
—L. Power (Watts/SF) 15 Z5 —L. Power (Watts/SF) {o 15

—M. Other

—M. Other
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FACTORIES Low Ave. High | FUNERAL HoMEe Low Ave. High
——A. Occupancy Type r-2 F- —A. Occupancy Type A-2
-—B. Efficiency Ratio —B. Efficiency Ratio
—C. Area (SF) ZA 000 S4500 _\ABoo | Area (SF) Zoco 2000 ZoBoo
—D. Costs ($/SF) 54.%0 8% ol —D. Costs ($/SF) 18.20 Lo 114
—E. A/E Fees (% of D) 4 & 12z —E. A/E Fees (% of D)
__F. FF&E Costs ($/5F) —F. FF&E Costs ($/SF)
—G. Parking (¢ge 1o0%F) ©0.1% 1.5 2.5 §—G. Parking
—H. Partition/Door ..H. Partition/Door 4-15 oF/g 140-150 S¢/ v
—. Fire Prot. Class OED1NARN gxTeA [ Fire Prot. Class LAGHT
—J. A/C (SF/Ton) \0o 150 __J. A/C (SF/Ton) Zoo Zoo
—K. Mech./Elect. Costs (% of D) '4.57. M 105/ e QK Mech./Elect. Costs (% ofD) 1257t 457/€E
—L. Power (Watts/SF) Z5 40 __L. Power (Watts/SF) 2o z5
—M. Other —M. Other

FiRe ZmaTIoNS Low Ave. High | GARAGE , PARKING  Low Ave. High
——A. Occupancy Type B —A. Occupancy Type 5-2
__B. Efficiency Ratio —B. Efficiency Ratio 25
—C. Area (SF) 5500 C5060 8800 |, Area (SF) 1Z1c0o | 76000 BZo000
—D. Costs ($/5F) 120 .50 151 .50 171 —D. Costs ($/SF) Z9 45 57
—E. A/E Fees (% of D) _E. A/E Fees (% of D)
—F. FF&E Costs ($/5F) 18 —F. FF&E Costs ($/SF)
—G. Parking —G. Parking
—_H. Partition/Door —H. Partition/Door 20-COSFE/LF ey - COOSF/pR.
-1 Fire Prot. Class —. Fire Prot. Class ORPINARN
—J. A/C (SF/Ton) Zo0o %00 | ). A/C (SF/Ton)
—K. Mech./Elect. Costs (% of D) {774 M 9.2 —~K. Mech./Elect. Costs (% of D) 4 7#H HE
—L. Power (Watts/SF) lo 15 —L. Power (Watts/SF) % 2

—M. Other

—M. Other

ejeq adA]-buipjing :y xipuaddy
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GARAGE, ZERVICE  |ow Ave. High | HosPTAL Low Ave. High |
—A. Occupancy Type 5-1 —A. Occupancy Type I-z
—B. Efficiency Ratio &t —_B. Efficiency Ratio 5%
—C. Area (SF) %500 Aooo 22000 |._C. Area (SF) CS000 128900 2o eoo
—D. Costs ($/5F) 25 70 7850 |._.D. Costs ($/SF) [ 245 220
—E. A/E Fees (% of D) % 5.5 =3 —E. A/E Fees (% of D) 4- 6.5 A
—F. FF&E Costs ($/SF) —F. FF&E Costs ($/SF) 4-0 (24
—G. Parking —G. Parking (v e ) o015 [.2 %
—H. Partition/Door 20 SF/LF Zop 5F/ vr. | —H. Partition/Door
—. Fire Prot. Class CEOARNARY —\. Fire Prot. Class HeHT
—J. A/C (SF/Ton) —J. A/C (SF/Ton) |5 250
—K. Mech./Elect. Costs (% of D) 457 ™ /e —K. Mech./Elect. Costs (% of D) 247 124e
—L. Power (Watts/SF) 1 15 —L. Power (Watts/SF) 5 B
—M. Other —M. Other
GYMNASIUM = Low Ave. High | HoteL Low Ave. High |

_A. Occupancy Type A-2 —A. Occupancy Type R-\
—B. Efficiency Ratio 70 -_B. Efficiency Ratio
—C, Area (SF) S Tlcoe 136500 | __C. Area (SF) &e00 o000 272500
—D. Costs ($/SF) o 142 158 —D. Costs ($/SF) 128 158 E=2
—E. A/E Fees (% of D) & 6.5 q —F. A/E Fees (% of D)
__F. FF&E Costs ($/SF) __F. FF&E Costs ($/5F) Z5
—G. Parking (Pgre o0 $F) 5 —G. Parking
—H. Partition/Door —H. Partition/Door
—l. Fire Prot. Class -—I. Fire Prot. Class
—J. A/C (SF/Ton) e 250 | —. A/C (SF/Ton) %00 4o

K. Mech./Elect. Costs (% of D) t8-54 H 8.5/ |« Mech/Elect. Costs (% ofD) '7.5% H 0.5 4E
—1. Power (Watts/SF) 19 25 —L. Power (Watts/SF) 20 30

—M. Other

—.M. Other
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s /Preone Low Ave. High [MBRCAL awtAL, Cuinics/oFF. Low Ave. High |
—_A. Occupancy Type 1-% —A. Occupancy Type B
-—B. Efficiency Ratio i —B. Efficiency Ratio
—C. Area (SF) 69500 G400 14950 | Area (SF) Acoo iBooo  3%000
—D. Costs ($/SF) 1652 Zl8 244 —.D. Costs ($/SF) \0250 koo 153
—FE. A/E Fees (% of D) —E. A/E Fees (% of D) & & a
__F. FF&E Costs ($/SF) .F. FF&E Costs ($/SF) -2 '8 20
—G. Parking —G. Parking Cper. looosF) |5 % 5
—H. Partition/Door —H. Partition/Door
—I. Fire Prot. Class LéedT —I. Fire Prot. Class UeHT
—_J. A/C (SF/Ton) 790 %00 |__J. A/C (SF/Ton) 250 Zoo
—K. Mech./Elect. Costs (% ofD) (87.M W /4 & —K. Mech./Elect. Costs (%ofD) 7.7 ™ o 212
—L. Power (Watts/SF) (T4 5 L. Power (Watts/SF) 1& 20
—_M. Other —M. Other gge FART 14 0N A~ BLEV. RS MTS
LGRARIES Low Ave. High | MoTEL &> Low Ave. High
~A. Occupancy Type A-% —.A. Occupancy Type E-\
—B. Efficiency Ratio —B. Efficiency Ratio 6o
—C. Area (SF) leBoo 24500 _Tloor | _C. Area (SF) 55500 e2%co  1Zgcoo
—D. Costs ($/5F) I18.50 147 %71 | —D. Costs ($/SF) 1% “g .50 124
—E. A/E Fees (% of D) _E. A/E Fees (% of D) % 4+ &
—F. FF&E Costs ($/SF) 24 12 \2¢o | _F. FF&E Costs ($/SF) Z4
—G. Parking —G. Parking (FerR 2.4.) o o, 8 l.&
—H. Partition/Door —H. Partition/Door - & /SE /L “Jo-B0 $F/PE.
—1. Fire Prot. Class HoHT OR7nIARY * | L. Fire Prot. Class LeHT
—J. A/C (SF/Ton) 250 %o0 —-J. A/C (SF/Ton) 400 Seo
—K. Mech./Elect. Costs (% of D) 167.™ UZe |k Mech./Elect, Costs (% ofD) ‘@ 7 M 874 £
—L. Power (Watts/SF) 1% 2% | _L. Power (Watts/SF) 15 2e
—M. Other * AT gracke —M. Other

ejeq adA]-buipjing :y xipuaddy
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Mvsevme Low Ave. High |OFFice (LESS THAN 50000 %) | ow Ave. High |
—A. Occupancy Type A-% __A. Occupancy Type |23
B, Efficiency Ratio __B. Efficiency Ratio 75
—C. Area (SF) 2lewo  %12%0 %000 | _C. Area (SF) 2500 17000 25000
—D. Costs ($/SF) 175 {9050 Zo |50 |_D. Costs ($/SF) 27 1% 1 5o
—E. A/E Fees (% of D) _.E. A/E Fees (% of D)* 2 &5 1o
—F. FF&E Costs ($/5F) —F. FF&E Costs ($/SF) 1Z 74 %6
—G. Parking —G. Parking (FeRr. looosr) 166 2-C %5
—H. Partition/Door ——H. Partition/Door 20 SE/LE 200 - Fo0 SE/OR
—L. Fire Prot. Class LoHT __L. Fire Prot. Class LteHT
—J. A/C (SF/Ton) z50 200 —J. A/C (SF/Ton) Z 5o 200
—K. Mech./Elect. Costs (% of D) 1474 ™M 12/ € |—K. Mech./Elect. Costs (% ofD) 187 92 /e
__L. Power (Watts/SF) Z0 A —-L. Power (Watts/SF) (4 Zo
—M. Other __M. Other *INCLUDES TL, S8E P 4

NURGNe UOMES Low Ave. High |OFFice (50 ec0 %5 +) Low Ave. High
—A. Occupancy Type \-Z _A. Occupancy Type (=
.B. Efficiency Ratio _.-B. Efficiency Ratio icd
—C. Area (SF) 24500 Z%o00 82500 | Area (SF) q1Bec E1%ce 4z8cco
—D. Costs ($/SF) 2% 50 146 5o 128 —D. Costs ($/SF)* 94 .50 (23 18
__E. A/E Fees (% of D) = & \|.& | _—E. A/E Fees (% of D) 3 6.5 [P=)
_.F. FF&E Costs ($/SF) _.F. FF&E Costs ($/SF) 18 CRA [2=)
—G. Parking (P& @.d) 0.7% 2.% 0.2% | __G. Parking (FER. 10005%) L.l Z.@ %.5
-_H. Partition/Door BESF/e o 9F/p2 | —H. Partition/Door 20 5¥/L¢ 200 -500 5¢/pR.
—|. Fire Prot. Class LieHT _l. Fire Prot. Class e
—J. A/C (SF/Ton) Zoo 250 —J. A/C (SF/Ton) 250 oo
—K. Mech./Elect. Costs (% of D) 22704 %€ J—K, Mech./Elect. Costs (%of D) 1B/ M SSE
—L. Power (Watts/SF) | B> Az —L. Power (Watts/SF) | & zo0

—M. Other

—M.Other  *INclUpes TL, 928 P44
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FoLice STATION Low Ave. High |Rieuisiovs Eoucation | ow Ave. High
—A. Occupancy Type 4 —A. Occupancy Type A-2
—B. Efficiency Ratio —B. Efficiency Ratio
—C. Area (SF) 4cco 10500 19000 |_C, Area (SF) bToo G800  1350°
—D. Costs ($/5F) 120 157 198 o | _D. Costs ($/SF) lo2.%0 120 150
—.E. A/E Fees (% of D) —.E. A/E Fees (% of D)
__F. FF&E Costs ($/5F) __F. FF&E Costs ($/5F)
—G. Parking -—G. Parking
—H. Partition/Door —H. Partition/Door
—I. Fire Prot. Class UeHT __LI. Fire Prot. Class LieHT
—J. A/C (SF/Ton) 250 %00 | ). A/C (SF/Ton) & Zoo
—K. Mech./Elect. Costs (% ofD) [7.57 ™ 1z7e —K. Mech./Elect. Costs (% of D) 127 M aze
__L. Power (Watts/SF) (4 2.0 __L. Power (Watts/SF) & Ze
—M. Other —M. Other

Post orAce Low Ave. High | REgearcr LARORATORY | ow Ave. High |
—A. Occupancy Type % —A. Occupancy Type %
—B. Efficiency Ratio —B. Efficiency Ratio © 0
—C. Area (SF) Joo 12500 20200 | Area (SF) 54000 &4 oo gp000
—D. Costs ($/SF) 4% 50 1%5 14¢ | _D. Costs ($/5F) 132.50 7% 2720
—E. A/E Fees (% of D) —FE. A/E Fees (% of D)
—F. FF&E Costs ($/SF) F. FF&E Costs ($/5F)
—G. Parking —G. Parking
—H. Partition/Door —H. Partition/Door
1. Fire Prot. Class LenT 1. Fire Prot. Class UeHT
—J. A/C (SF/Ton) Zo0 215 _J. A/C (SF/Ton) \eo Z5%0
—K. Mech./Elect. Costs (% of D) 47 ™ a.57 e —K. Mech./Elect. Costs (% of D) 2%.Z 7 M \Z/E
L. Power (Watts/SF) 15 25 __L. Power (Watts/SF) 15 75

—M. Other

——M. Other

ejeq adA]-buipjing :y xipuaddy
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READENTIAL  SW6LE FAM. Low Ave. High | RETAIL &ToRES Low Ave. High |
—.A. Occupancy Type -2 —A. Occupancy Type ™
—B. Efficiency Ratio —B. Efficiency Ratio GO
|—C. Area (sF) 1800 2900  ZAoo | L. Area (SF) 26500 46500 65500
—D. Costs ($/5F) ¥ al 1450 \54 | _D. Costs ($/SF) 10 a% 125
—.E. A/E Fees (% of D) _E. A/E Fees (% of D) 4~ & =]
—F. FF&E Costs ($/SF) [ '3 GO | —F. FF&E Costs ($/5F)
—G. Parking —G. Parking (FER loco$F) 5.5 4.5 5.5
—H. Partition/Door —H. Partition/Door 0~ SP/LF B00- pov SF /PR
... Fire Prot. Class —I. Fire Prot. Class GEOWwARY
—J. A/C (SF/Ton) Loy 400 450 | _J. A/C (SF/Ton) 250 200
—K. Mech./Elect. Costs (% of D) 12/ M 5/ & —K. Mech./Elect. Costs (% ofD) 1% 4 M o7 e
—L. Power (Watts/SF) 5 e —L. Power (Watts/SF) 12 15
—M. Other —M. Other
RestpurANTS Low Ave. High | €rooL  eterenTarY | ow Ave. High
—A. Occupancy Type 2 A-% | _A. Occupancy Type =
—B. Efficiency Ratio 0 _—B. Efficiency Ratio
 —C. Area (SF) 4000 5500 FGooo |, Area (S5F) 28000  4%%00  Grooo
—D. Costs ($/SF) 118 15] 17% |__D. Costs ($/SF) 4% |60 50 152 50
_—E. A/E Fees (% of D) 2,5 & 2 _E. A/E Fees (% of D) @ 15 a
—F. FF&E Costs ($/5SF) i GCo |20 |—F. FF&E Costs ($/SF) [Zd 1z
—G. Parking (Few \woo5¥) lo 15 21.% | _G. Parking
—H. Partition/Door 20 -2% SF/Le 150 - 250 <F/pg | H. Partition/Door
_I. Fire Prot. Class LleHT RowAt~ ¥ |__I Fire Prot. Class Liehnt
—J. A/C (SF/Ton) \5eo Zoo -—J. A/C (SF/Ton) 15 250
—K. Mech./Elect. Costs (% of D) 205/ M /e —K. Mech./Elect, Costs (% of D) '8/ M lod g
__L. Power (Watts/SF) | & e —L. Power (Watts/SF) icd 2%

—M. Other % KiTcHen AReAS

—M. Other
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SOHOOLS , IR MG+ Low Ave. High |SCH00LS, VocaToNAL | ow Ave. High
—A. Occupancy Type = —A. Occupancy Type B

—B. Efficiency Ratio —B. Efficiency Ratio
| —C. Area (SF) 48500 85500 106500 | Area (SF) 43500

—D. Costs ($/5F) o450 |%5.50 140 —D. Costs ($/SF) |56

—E. A/E Fees (% of D) & 1.5 9 —E. A/E Fees (% of D)

F. FF&E Costs ($/SF) I | Z ——F. FF&E Costs ($/SF) [ 12
—G. Parking —G. Parking

—-H. Partition/Door —H. Partition/Door

—1. Fire Prot. Class LeHT —I. Fire Prot. Class

—J. A/C (SF/Ton) 150 250 —J. A/C (SF/Ton) \eo 250
—K. Mech./Elect. Costs (% of D) 4.2 4 M AZLE —K. Mech./Elect. Costs (% of D) 197 M it e

— L. Power (Watts/SF) 1 Z5 —L. Power (Watts/SF)

—M. Other —M. Other

Getoors, R HieH  Low Ave. High | SERvICE &rmTion] Low Ave. High |
—-A. Occupancy Type = —A. Occupancy Type B

—.B. Efficiency Ratio -.-B. Efficiency Ratio

—C. Area (SF) Boooo 12000 249502 |, Area (SF) 1000 1500 1700
—D. Costs ($/SF) WZ.50 129 1@ 1.%0 |__D. Costs ($/SF) 105 .50 A
.E. A/E Fees (% of D) @ 1.5 aq —E. A/E Fees (% of D)

—F. FF&E Costs ($/SF) [ \Z —F. FF&E Costs ($/SF)

—G. Parking (Reg SvoizaT) o5 —G. Parking

—H. Partition/Door —H. Partition/Door 1% SF/Le \50 SF/pR,
. Fire Prot. Class Lient . Fire Prot. Class

). A/C (SF/Ton) 1 &0 z50 —.J. A/C (SF/Ton)

—K. Mech./Elect. Costs (% of D) 87 M 1074 & | K Mech./Elect. Costs (% of D)

—L. Power (Watts/SF) 5 25 —L. Power (Watts/SF) 10 zo

M. Other —M. Other

ejeq adA]-buipjing :y xipuaddy
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SPBRTS  ARENA Low Ave. High | THEATER Low Ave. High |
—A. Occupancy Type A-4- —-A. Occupancy Type A~
—B. Efficiency Ratio —B. Efficiency Ratio
—C. Area (SF) 235000 17%2%00 220500 |__C. Area (SF) 1o 000 14-5 00 20500
—D. Costs ($/SF) 1Z4- 144~ 192 {__D. Costs ($/SF) i 17.50 128
—E. A/E Fees (% of D) __E. A/E Fees (% of D)
—F. FF&E Costs ($/5F) —F. FF&E Costs ($/SF)
—G. Parking —G. Parking (Peg $gAT) O] 0.25 o.5
—H. Partition/Door —H. Partition/Door
—. Fire Prot. Class LIGHT —1. Fire Prot. Class LigHT *
—J. A/C (SF/Ton) 100 200 —J. A/C (SF/Ton) S0 200
—K. Mech./Elect. Costs (% of D) 627/ M loye —K. Mech./Elect. Costs (% ofD) T/ ™ 107€
—L. Power (Watts/SF) 25 25 —L. Power (Watts/SF) zo 25
_ M. Other —M. Other X px | voiNG STAsE AREA%
FUTEEMARKETS Low Ave. High | TOWN HaALL Low Ave. High |
—A. Occupancy Type M —A. Occupancy Type B
—B. Efficiency Ratio —B. Efficiency Ratio
| —C. Area (SF) B500 22500 40000 |_C. Area (SF) 20 BOC A1Boo  docoo
—D. Costs ($/SF) 41 22 15 —D. Costs ($/SF) 120 144 |12
—_E. A/E Fees (% of D) % 7 1.5 —E. A/E Fees (% of D)
—F. FF&E Costs ($/SF) —F. FF&E Costs ($/SF)
—G. Parking -—G. Parking (P iooo 57D Lo 5.5 s
—_H. Partition/Door %0 - 40 4F /L %oy - 4o oF/pr. | —H. Partition/Door
—_LI. Fire Prot. Class ORANLORY —. Fire Prot. Class LioHT
_J. A/C (SF/Ton) | oo 260 —J. A/C (SF/Ton) 2ot 200
—K. Mech./Elect. Costs (% ofD) 1424 M 12.57. & | K. Mech./Elect. Costs (% ofD) P/ H 4572
—L. Power (Watts/SF) 20 25 L. Power (Watts/SF) 14 2%

—M. Other

—.M. Other

v€9

}00qpUEH 3|qeLIOd S199)YdY dYL



TRANSPDRTATION Low Ave. High | VETeRINARY Lune Low Ave. High
.-A. Occupancy Type A-3 —A. Occupancy Type B
__B. Efficiency Ratio —B. Efficiency Ratio
—C. Area (SF) V75000 —C. Area (SF) Z2eooco
—D. Costs ($/SF) &7 1716 263 |-—D. Costs ($/SF) 184
—E. A/E Fees (% of D) —E. A/E Fees (% of D)
__F. FF&E Costs ($/5F) -—F. FF&E Costs ($/SF)
—G. Parking —G. Parking
——H. Partition/Door —H. Partition/Door
__L. Fire Prot. Class LieHT _. Fire Prot. Class
—J. A/C (SF/Ton) 150 25 | —J. A/C (SF/Ton) lew 200
—K. Mech./Elect. Costs (% ofD) 15/ M 1372 | K. Mech./Elect. Costs (% of D) 177-M A
L. Power (Watts/SF) 15 25 L. Power (Watts/SF) 20 2o
—M. Other —M. Other
WARE HOVSE Low Ave. High Low Ave. High |
_—A. Occupancy Type S-| 5-72- {—A. Occupancy Type
_B. Efficiency Ratio AL __B. Efficiency Ratio
—C. Area (SF) 26000 67000 157500 |_¢ Area (SF)
—D. Costs ($/SF) 4-0 56 Te —D. Costs ($/5F)
—E. A/E Fees (% of D) 4 5.5 3 __E. A/E Fees (% of D)
—F. FF&E Costs ($/SF) —F. FF&E Costs ($/SF)
—G. Parking (PR looo 5¢) 1.5 Z 2.5 | —G. Parking
—H. Partition/Door —H. Partition/Door
1. Fire Prot. Class Litent OZOIARY | —L. Fire Prot. Class
—-J. A/C (SF/Ton) —J. A/C (SF/Ton)
—K. Mech./Elect. Costs (% of D) (97 M 15%E —XK. Mech./Elect. Costs (% of D)
—L. Power (Watts/SF) 1o 15 —L. Power (Watts/SF)

—M. Other

—M. Other

ejeq adA]-buipjing :y xipuaddy
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NOTES




___ APPENDIX B: LOCATION DATA

Entries A through V in the tables on pp. 640-653 provide useful archi-
tecturally related data, as described below, for various U.S. cities and
nearby areas.

___ A. Latitude is given in degrees and minutes. KlO)

B. Elevation is in feet above sea level. See p. 180. @6)

C. Frostlineis inches below top of ground to frost line. (§>
See p.255 and p. 283. o

D. Ground temperature is the constant year-round (5\>
temperature (in degrees F) at about 20 to 30 feet
below the surface. See p. 182.

E. Seismic is UBC earthquake zones. See p. 155. (34)

F. Termite lists zones of degree of infestation (with 1 (5\>
being worst). See p. 256.

G. Soils are the predominant soils for the location. See
p. 245. No data available at this publication.

__ H. Plant zone is for plant hardiness. See p. 268. { 3)
__ L. Rain, average in inches per year. <\/46>
___J. Rain, intensity is hourly intensity in inches/hour for (5 )

5-minute periods to be expected once in 10 years.
Some storms have twice as much in some zones. See
pp- 239 and 519.

K. Percent sun is yearly average of clear days. See (46)
p.172.

L. Heating degree days (HDD), base 65°F. See ‘@
p.-172.

M. Cooling degree days (CDD), base 65°F. See (46}
p.172.

N. Percent idity (% RH) AM is yearly average in {46’
mornings. See p. 172. —

O. Percent humidity (% RH) PM is yearly average in <@
afternoon/evenings. See p. 172.
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__ P. Winter temperature is design winter dry-bulb tem-

V.

perature (99%) as recommended by ASHRAE.
See p. 172.

. Summer temperature is design summer dry-bulb

temperature (1%) as recommended by ASHRAE.
See p. 172.

. Wind speed (mph), average is yearly average. See p.

172.

Wind, intensity is design wind speed per 97 UBC.
See p. 154.

Snow is the ground snow load in LB/SF per 97
UBC. See p. 149 where not given, establish from
local authority.

. Insulation is the recommended zone for mini- {10

mum R value. See p. 368.

Costs are the city cost indexes to adjust cost </C)
given in this book. See p. 45.

___ Other: (1) Possible radon-producing area. See p. 255.

*Data courtesy of BNI Building News. See latest BNI for current data.
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640 The Architect’s Portable Handbook
LOCATION
, A B C D [ETF[ 6 H ] J K
z E ol = I'I:' 0 E Z ui
> . Il = w2 2=
g| LocATION gl 3 |8uigE B 2|2 SE[SZ(SE| S,
par @ED] Wio jan™ ® =
1 |AK ANCHORAGE (6l-] | A0 410 4 =3 24
A
3 AL BIRMINEHAM [23-3|ol0 | 2 [ 64 |! | 8 |52 |72 |58
4 HUNTOVILE |24-4|619 | 2 | o2 |]) | I 7 |55 |35
5 Mo®ILE 20-41211 |0 [70 |0 ]} q |65 | 1.8 |60
[ MONTGOMERY |32-2|1a5 | 2 |67 |O| | g |49 |15 (59
2
8|AR Fr.oMmimH (25-2|1449| 7 |64 |1 |2 7 |40 |14 |60
a LITTLE Rock |34-41257 | 4.5 |64 |1 | 2 7 {49 |72 |eo
to
HWIAZ pPHoENI® |2%-3J17 10 (72 |1 |2 & |7 {4 18!
12 TUCEON 32-112584| © T2 1|2 8 8 4 |78
1%
14| CA BAKERSFIELD [ 2521495 | O | @4 |4 | 2 q9 |e |%6 |75
15 FRESNO %5232 | © |64 |2 |2 a | [3e|7>
16 Lo% ANGELES|( 240 49| O |68 (4|2 lo |12 |%6 |72
17 RIVERGIDE |23-5|I5H | 0 |72 |4 |2 q 2.6
18 GACRAMENTA 38-3| 17 | 0 |64 (3| 2 4 117 {36 |7
iq SANTARARS. | D3-4| 23 | O |64 |4 | 2 10 |le |36
w  SANDIEGO |P2-4| 14 |o |[T2 (4|2 0o 19 |%2.6|72
2i SHAN FRANCISO | 3T-4| & o 164 (4|2 q |20 |36 |7
22 STOCKTON 21-5/28 | 0 |64 |3 |2 a |14 |26
23
24|C0 COLO-SPRINGS| 28-5{61T2] 10 |54 1) | D 5 |15 4.8 |65
25 DENVER |24-5(5283| 10 |54 || |2 5 (15 |4.8 |67
26
271CT pRIDCEPORT [41-1] 7 16 |22 i2a) 2 e |42 (6.2 |50
28 HagtForp {41-8 15 | 18 | BZ |2a] 2 6 (44 |¢.% |52
29 NEWHAVEN [41-2| @ | 1& |51 [2a] 2 7] &%
0
3] |DE WiLMINGTON  |29-4| 18 | & | BC |} | 2 7 |4l |e.e
32
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DATA
L MI{N]JO[PTQ R[S|[T|[U]V o
T|TpWNTs Quigy X = E | ot |2
EE|XE E> £ S | w e
HDD | CDD |y € |y & [TEMATEMA 3 {3 = | = 8 -
wglo | o |73 6% |-23 |71 | 7 |90 6 |30 1
2
2942|1891 | &4 |57 {17 (a6 |7 |70 |5 |2 {79 3
32791708 |85 |58 | U |95 |8 (70 [lo |3 |77 (D 4
1695 (26431 86 |57 |26 |95 (a |lo| o |2 8l 5
2277(2274| 87 |56 |22 |9 | 7 8 |B |3 T5 6
7
347711969 |85 |56 |12 |01 | & |70 3 |74 | 8
2315212045 184 |57 |1 |99 |8 |70 |15 |2 |78 q
o
144212746 |%1 (22 {21 |log |6 |75 {0 |3 82 | i
1724 [ 284015% |25 |28 |04 | & |75 |0 |3 |89 1z
15
2126 | 2347|665 |28 |20 |lod4| & |70 | O 3 97 | (D 14
2647|1769, 18 {40 |28 |lo2| e |70l O |3 |98 15
1595 728 | 719 |4 | 41 82|18 (70| 0 ! 10711 16
2a |loo To o | 2 97 j(» 17
2772|1196 {83 |45 |30 |10l | & |70 | 0 |4 {ioo|W) 18
2487| 269 { 80 | 59 2] 70 | © I o7 19
1284 | 242 |76 |62 |42 |83 | T |70 | © ! 102 20
3ol | 115 |84 |l |35 |82 |1l |70 |0 1 1z K
2674|1448 |18 |44 |28 |loo | & |70 | O | 4 [1o® (D 2¢
23
e346| 5ol 6% (40 |-3 1491 |0 |75 5 |az [() 24
ool | B0 e |40 | -5 (92| 4 1% =] a5 (1) 25
2
5501 | 4|76 |60 | 6 |84 |12 |85 |25 |4 |lom (D 27
6174 | 660 3z |9 q 185 |25 | 4 el (1) /3
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20
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*Data courtesy of BNI Building News. See latest BNI for current data.
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1%
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23 RockFore |42-1{724{ 25 54 |0 | 2 5 (37 |6.2(53
24] SPRINGFIELE [24-B158T7| 18 |50 |1 |2 S 134 (6.7 |54
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261|N EVANSVILLE (380l 281{ 1 |&& |1 |2 6 |42 |5 |52
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29| “ouTH BeEND [41-4 112 20 (B4 |1 | Z 5 |22 6.2 |47
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194 1 4099184 |1 |44 (Al | 9 o | © 2 86 4
G50 | 2401 |84 |55 (35 |94 | 94 |95 (0 |2 8o 5
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7
3021 1670182 |56 |17 |94 |9 |15 |5 3 |83 |w 8
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7
5602 | 7142 |1@a | 43) 3 {46 | 4 |0 4 |az 18
T2 | 445 |72 |44 |-8 | a4 | 10 |70 4 88 |(1) 19
20
o455 | Mo |80 6o |-5 | a4 |10 |15 125 | B | lo> 21
6126 | 948 -& 14l |1o |15 |20 | B |4z 2¢
oIG2) 714 |82 161 | -9 | al 10 |15 |25 | » |47 23
565411162 |82 |6t |-2 (a4 |11 |15 |20 | 4 | &4 24
25
4729|1278 182 |59 | 4 (92 |1l |70 | 1B | 4 | 88 (N 26
oh20| 180 {82 |67 |~4 (a2 | 10 |5 5 | 88 |(1) 27
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*Data courtesy of BNI Building News. See latest BNI for current data.
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3
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6
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1490 | 2680 88 |62 |29 |92 | & |1o0|0 |2 |46 q
226412444 |28 |68 |20 |aa | & | Toj0o | |78 o
i
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-4 |9 80 |25 |5 |44 1) 13
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19
-7 |88 & |70 | e | &1 D 20
To01 | 254-179 |EA | ~@ |81 |4 |85 |60 | & 89 |(1) K
2¢
6563 615 |81 (o | 3 (Al |lo |15 (25({5 |95 { (1 23
Toes| 456 81 (@2 | —4 (a0 |10 |75 |20 5 |41 | 24
21| 510 | 8% |eZ| ) (Al o |75 |20 |5 |88 ) 25
R 1% |30 | & | &6 | 26
8298 | 520 (8% |64 | -2 (a0 |10 |18 |20 | S | 88 [(D 21
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aqol | 190 (8l (eH |21 |85 |10 |19 @ |93 |(1) 29
8007 662 |72 (O |-10{92 | 11 |72 @ |98 %0
8277 479 (8% (@5 [~17| Q0 |12 |80 © 93 3
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*Data courtesy of BNI Building News. See latest BNI for current data.
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52831223 |81 |69 | 2 [aqa |11 |76 |20 |4 |ge 1
-3 [ 4g 75 |25 [ 4 | 84 2
492811468 |82 |59 | 2 |47 |10 |70 |20 | 4 | 90 3
4660 1274182 |58 | % |96 (11 |70 |15 |4 184 4
5
28 | 21 2 6
2384\ 2%z0 |4l [og |21 (97 |7 [go |6 | 2 | & 7
8
7212 553 |06 |44 |-15 1944 | It | o 5 | 87 q
76| 2l 167 |45 |-2]{atl |13 & | 87 lo
I
2242 | 164682 (B4 |16 (A5 | 7 |70 110 |3 {79 | 2
2531 |1294-185 |54 |16 |94 (& |15 |15 |3 |77 [) 13
2074|1303 |23 |55 |16 |a4|8 |15 |2 a) 4
5
242 476 |81 |62 |-22]92 |12 |85 (2% |6 | 90 i6
17
65751124 |82 |56 |-5 (99 |10 |80 |25 | | 95 18
0194 |l | 4! |59 |-8 |44 |l |80 |25% |5 | 87 19
20
-% |41 75 5 | 48 2
21
497211091 |72 |53 (1| {4z | g {go |20 | 4 [102 (D) 23
TR 75 30 | 4 [ g7 () 24
25
44141254 60 |29 | V2Z | 96| a4 |70 |10 [ 4 |86 | 2%
27
25%2\%029 {40 |21 |25 |0 |4 |80 | B |2 |97 2
60%0| 357|770 |2} 2 a5 | 7 2 | 100 29
20
31
32

*Data courtesy of BNI Building News. See latest BNI for current data.
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6 SYRACUSE |4%-11424 | %0+ |50 |1 |2 G |39 |5.4 |44
3
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12 DAY TON 2q-50997 |10 |54 {1 |2 5 125 |6.2 (49
1% TOLEDO 4-41676 |70 |54 |1 |2 5 |32 |6.0|50
4 YounésTowN [41-2 (1178 12 152 || |2 5 |37 (g0 |44
15
16l0K LAwWTON (243108 | 8 {62 {1 |2 5 7.2
17 OKLA.CITY [25-2{1780| 8 |64 |2A| 2 56 | 3l |7.4 |64
18 TuLoA %-1| 650 8 |62 |1 |2 56129 15|62
19
0|0R  EUCENE |44-1|%64| 1% |B6 |28 2 7 |46 (3.4 |42
21 PORTLAND 145-41 Z] | 1% |64 [28] 2 & |37 (2.4|29
22
23|PA ALLENTOWN [40-4 375 15 |52 |7a] 2 o |44 |63 |56
24 ERIE 47-117%2(2% |51 || |2 e |29 |51 |44
25 HAREZWBURG(40~| | %25 16 (&2 |1 | Z e %9 (6.3 |54
26|  PHuAvELPHIA[39-8| T | 12 |54 |2a| 2 7 41 |6.4l50
27 PATTOBVRGH (4031127 18 | B4 {1 | 2 G 26 |62 |44
28| <xranTON |4l-2| 40|25 |51 |zal 2 5 6.0
29
30|R| PROVIDENCE |4i-4| 55 | 1B |54 (2 2 o |45 |62 |55
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7
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Pobo| el |0 |54 |0 |92 | 8 |70 |20 |4 | 84 1
2689|947 |80 |0 |- (4l |lo |70 |20 | 4 12
os70| 622 |84 |60 | -3 (a0 | a 15 | |84 | 13
oeo| 485 |82 |62 |~ |82 |10 |75 |25 |& (82 () 14
5
1Z | 101 Lo |5 |2 |77 16
Z1% (1914 {80 |64 | 9 |loo| 12 |75 110 |3 | 83 17
271%)|204%1 81 |[Be | 8 |10t |10 {70110 |2 | 8l [(D 8
1
4794 261 |41 |60 | 17 |92 |8 |80 4 140 20
4091 | 3%2 |86 (60 |17 222 |25 I 2
22
D815 | 151 |80 |Be | 4 (42 |a |70 {30 (5 |al D 23
Gl | 402|718 |6 | 4 (88 |11 5 m 24
5235|1006 |16 |54 |1 (9411 |70 |22 | 4 |85 |() 25
4a47{ 1071576 |55 o |93 lo |75 |25 | 4 |48 (D 26
50| 642179 {57 |1 |89 | a |70]|%0 | 4 | 89 27
I a0 70 5 | 87 3
29
5908|514 |15 |52 |5 |89 |1l |d0 |20 | 4 |48 [() %0
3
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*Data courtesy of BNI Building News. See latest BNI for current data.
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I

12|TX ABILENE |323 (1754 | 4 @8 [0 |2 7 2% |72 |67
1 AMARILLO |25-112607| 6 | @l || |2 ¢ |14 |6e0]72
4 AusTiN 20-21 59713 (7% |0 | ! & |32 (74|63
15 BEAUMONT |00 18 ] O |70 |0 |1 q &

16|  CorPyycHRIST 127-5| 4% 1 0 |76 |0 1] q (20 |8 |el
17 DALLAS 32-5|1481 | 4 (69 |O| | 8 |29 [15] 70
18 EL PAS0D 31512918 2 b {1 |2 6 |8 4.5 1 80
19 HousToN {29-4| B0 | o |76 [0 | |1 q |45 | 8 |56
| LuBBOCK %33-4|324%! 5 |4 O |2 7 |8 |6 [72
21|  SANANTINID [29-3| T92| 1 {76 |0 I a4 |24 |78 |62
22 WALO 3l-4\600| 4 |11 (011 8 (3l {76 |63
23| WIGHITARAWS(34-0( 994 | 8 o6 |1 {2 7 (27|72 |67
24

25|UT OcreN 4111445518 |55 |3 | 3 5 4.5

26 SALT LAKE [40-5 142201 16 |55 (2| 2 5 |15 |45 |6l
27

28I\A\ NORFOLK 1265 26| 2 |eo [1 ]} & |45 |72 |58
29 ROMNOKE 137121174l 15 |57 |1 |2 7 |24 |66 |59
30 RICHMOND (313|162 | 4 |57 |1 ]2 e | 44 | 10 |56
3|
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3
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6
2523|1578 | 8@ B {12 (a6 | |70 |5 |3 |77 [ 7
2658|1449 86 |59 | 1> |a4 |7 |70 |10 |2 |74 |(1) 8
2207|2007 81 (BT 112 198 |94 (70 |lo |3 81 q
e | le6! |84 |57 |9 (9T 18 |70 |lo |2 83 |(1) lo
"
2621 (2467|774 |20 |15 |lot |12 {80 |5 |3 12
422111426 | 7% (45 | @ |92 |14 (80 |1 | 4 15
1760} 2914184 |57 |24 |lco | 9 {70 | B |2 | &0 14
27 | a5 a5 | o 2 15
a70 (2574 90 (62 |2 | 95|12 |loo |5 |2 6
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20042096 |57 |2 |20 |[loo|{a |70 |5 |3 18
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3516 | 1670 | 15 (477 |10 (48 |12 | 2010 |2 |78 20
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*Data courtesy of BNI Building News. See latest BNI for current data.
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A

Abrasive, 461
Absorption, 212
AC, 234,265
Accessibility (ADA):
area of rescue, 105
controls, 614
doors, 389
elevators, 501
general, 143
hardware, 405
lighting, 600
parking, 227
ramps, 107
residential, 86
route, 144
seating, 463
signs, 440
telephones, 615
toilets, 512-514
wheelchair, reaches, 472
Accounting, 4
Acoustical tile, 418
Acoustics, 211
Active, 193
ADA (see Accessibility)
Adobe, 297
Aggregate, 273

Index

Air entrainment, 273
Air film, 370

Aisle, 98

Alarm, 524

Algebra, 59

Alloy, 315

Aluminum, 315, 393, 401
Anmplification, 214
Amps, 609

Angle, 60

ANSI, 143

Arch, 167,308
Architectural concrete, 278
Architectural services/fees, 3
Area, 67

Art, 461

Ashlar, 304,310
Asphalt (see AC)
Assemblies, 475

Attic, 363

Attic ventilation, 363

B
Backfill, 238
Bar joist (see Open-web joist)

Baseboard heating, 546, 554
Base coat (see Paint)
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Basement, 90, 281

Base ply (see Roofing)

Base sheet (see Roofing)

Bath accessories, 450

Bathrooms, 511-514

Batt, 368

Battery (see Photovoltaic)

Bay window, 344

Beams, 147,162, 169,274,289,
333,347,354

Bedroom, 464

Bending, 161

Bills, 3

Blinds, 461

Block (see CMU)

Board foot, 342

Boiler, 543,547

Bolts, 327

Bond, 276,297

Box fixture, 593

Brass, 315

Brick, 297,299

Bronze, 315

Brown coat (see Plaster)

Buckling, 161

Budgeting, 49

Building codes (see IBC)

Building types, 621

Built-up (see Roofing)

Bush hammer, 278

Business, rules of thumb for, 3

C

Cabinets, 455

Caisson, 282, 285, 286
Can fixture, 593

Candles, 563

Cap sheet (see Roofing)
Carpentry (see Wood)
Carpet, 421

Casement (see Windows)
Cash flow, 3

Cast-in-place (see Concrete)

Cast iron (see Iron)

Caulking (see Joints)

Cavity walls (see
Assemblies)

CDD (cooling degree days),
172,367,637

Ceiling joists, 353, 358

Ceiling systems, 493

Central heating, 547

Ceramic tile, 417

Cesspool (see Septic)

Chairs, 463

Chiller, 543, 551

Chrome, 315

Circles, 60, 69

Circuits, 609, 613

Circular arch, 308

Clay, 245

Clearstory, 570

Closed loop (see Solar)

CMU, 297, 300, 307

Coal tar pitch, 374

Coatings, 424

Code (see IBC)

Code, energy, 194

Cold cathode, 591

Color, 428

Columns, 163,169, 277,290,
307,331,333,355

Compartmenting, 93

Compensation, 3

Composite construction, 320,
345

Compounding, 43, 60

Compression, 161

Compressor, 550

Concrete, 271

Concrete block (see CMU)

Condensate, 408

Condenser, 545

Conduit (conductor), 609

Conference room, 465

Connections, 167



Construction administration, 57
Construction type, 93
Contracts, 4
Contrast, 563
Control joints (see Joints)
Conveying systems, 497
Cooling tower, 543, 551
Copper, 315
Corrosion, 315
Costs, 43
Counter flashing

(see Flashing)
Coursing, 301, 303
Crawl space, 281, 363
Cricket, 375
Cross grain, 340
CSI,21
Curbs, 265
Current, 609
Curtain wall, 491
Cut, 238
Cylinder, 68

D

Dampproofing, 364
Daylighting, 569
Deciduous, 268
Decimal, 59

Deck, 356
Demolition, 49
Densities, 75

Dew point, 365
Diaphragms, 157
Diffuser, 555
Dimensions, human, 467
Dining room, 465
Dishwasher, 455
Doors, 389

Dormer (see Roofing)
Drainage, 233
Drapery, 461

Drives, 227,233

Index

Dryer, 456
Drywall, 416
Ducts, 552

E

Earth sheltering, 182
Earthwork, 238
Efficiency ratios, 621
EIFS, 372

Electrical, 609
Elevation, 637
Elevators, 499
Ellipse reflector, 593
Elliptical arch, 308
Emissivity, 367

End grain, 347
Energy, 171

Energy code, 194
Energy or work, 78
Equipment, 453
Escalators, 505
Estimating, 44
Evaporative coolers, 547
Evaporator, 550
Evergreen, 268
Excavating, 238
Exit, 98

Expansion, 382
Exponents, 59

Fabrics, 461

Fan coil, 554

Fees, 3, 621

Felt, 378

Fencing, 265
Ferrous, 315
FF&E, 621

Fill, 238

Fine aggregate, 273
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Finished grade, 233-234

Finishes, 413

Fire barriers, 97

Fire doors, 390

Fire extinguishers, 524

Fire hydrants, 261

Fire partitions, 96

Fireplace, 438

Fireproofing, 445

Fire walls, 96

Fixtures, 515

Flame spread, 446

Flashing, 381

Floor, flooring, 417, 418, 419,
420,421,494

Fluorescent, 589

Foil back, 366, 367, 369

Footcandles, 563-566

Footings (see Foundations)

Foundations, 281-283,
285-287

Frame, 353-358

Frost line, 255, 637

Furnace, 548

Furniture, 462-466

G

Gable roof, 344
Galvanized, 315
Gambrel roof, 344
Gas, 261, 525
Gaseous discharge, 589
Gauge, 317-318
Geometry, 60, 67
GFCI, 613

Glare, 564

Glass, 407

Gloss, 424
Glu-lam, 345, 355
Grade, 233
Grading, 233
Gravel, 233,273

Green construction, 205

Grilles, 555

Grounding, 613

Ground temperature, 182,
637

Grout, 297

Gutter, 265, 520

Gypsum wallboard, 416

H

Hardware, 403

Hardwood, 350

HC (see Accessibility)

HDD (heating degree day),
172,367,637

Heat pumps, 548

Heavy timber, 354

HID, 590

High-pressure sodium, 591

Hip roof, 344

Hollow metal doors, 391

Horizontal exit, 101

Hot water heating, 517

Human dimensions, 467

HVAC, 543

Hyperbolic reflector, 593

IBC, 89

Improvements, site, 265
Incandescent lamps, 589
Induction, 553
Infiltration, 385
Information index, 40-41
Insulation, 368, 638
Interiors, 459

Intrinsic reflector, 593
IRC, 83

Iron, 315

Irrigation, 269



Jambs, 391
Joints, 382
Joists, 353, 354, 358

K
Kitchen, 455

L

Laminated, 345
Lamps, 589

Land planning, 227
Landscaping, 267
Lateral, 154

Lath, 415

Latitude, 637
Laundry, 456

Lead, 315

Leaders, 521
Lengths, 71

Liability, 5

Life cycle costing, 54
Lighting, 565, 585, 597-615
Lightning, 613
Living room, 463
Loads, 149

Lot, 81
Low-pressure sodium, 591
Lumber, 339
Lumens, 563

M

Main disconnect, 610
Mansard roof, 344
Masonry, 295

Math, 59

Mattress, 464
Mechanical, 543

Mercury vapor, 590
Metal framing, 324
Metal halide, 590
Metals, 313

Metric conversion, 7
Microwave, 455
Moisture, 361
Monel, 315

Mortar, 298

N

Nails, 325-326
Negotiating, 4
Neon, 591
Nickel, 315

0

Occupancy, 89
Office, 466
Ohm, 609

Index

1-78

Open loop (see Solar)

Open space proportions, 230

Open-web joist, 332
Operable partitions,
Organic soils, 246
OSB, 345

Oven, 455

|

P trap, 518

Package system, 543
Paint, 424

Panel, electrical, 610
Panic hardware, 403
Parabolic arch, 308

450

Parabolic reflector, 593

Parallelogram, 67
Parking, 227
Parquet, 419
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Particle board, 345
Partition, 621

Party wall, 220
Passive solar, 180
Patios, 265
Pavement, 234, 265
Penny (d), 325
Percentage, 59
Percolation, 252
Performance index, 411
Perm, 365
Perspective, 63
Photoelectric, 616
Photovoltaic, 616
Pier, 282,285
Pilaster, 307

Piles, 283, 286

Pitch, 373

Plants, 267

Plaster, 415
Plumbing, 511
Plywood, 345

Pocket door, 401
Pointed arch, 308, 357
Point source, 565
Portland cement, 273
Post, 355
Posttension, 277
Power, 609

Powers, 59

Precast concrete, 291
Preservative, wood, 341
Pressure, 76
Prestressed, 277
Prism, 68
Programming, 37
Proportions, 59
Pyramid, 68

Q

Quarry tile, 417
Quartz, 589

R

R value, 368

Radiant barrier, 367

Radiant flux, 447

Radiant heating, 548

Radius, 67, 68, 69

Radon, 255

Rafters, 353

Railing, 99, 104

Rain, 519, 637

Ramps, 107

Range, 455

Ratios, 59

Rebar, 274

Reflect, 432,593

Refrigerant, 545

Refrigerator, 455

Refuge, 105

Reinforced concrete
(see Concrete)

Relative humidity, 171, 637

Residential code, 83
Residential costs, 47
Resilient flooring, 420
Retaining walls, 236
Rise, riser, 106

Roads, 227

Roof frame assembly, 477
Roofing, 373
ROW, 227
Rubble, 310
Rugs, 461
Runoff, 239

Saddle, 375

Safety glazing, 408
Sand, 273

Sanitary sewer, 259, 518
Sash, 395

Scoop fixture, 593



Scratch coat, 415

Screws, 327

Segmental arch, 308

Seismic, 155, 637

Septic, 518

Service entrance, 610

Services, 6-15

Setbacks, 81

Sewer, 259,518

Shading coefficient, 407

Shakes, 374

Shear, 163,275

Shear wall, 157

SHGC (solar heat gain
coefficient), 407

Shed roof, 344

Shingles, 374

Shower, 511

Shrink, 277,339, 351

Siamese fixture, 523

Signs, 439

Silt, 246

Single ply roofing, 374,379

Site, 225

Skylights, 570

Slab, 169, 287-288
Slab-on-grade, 287
Sliding doors, 392
Slope, 61,227,233
Slump, 273

Smoke detector, 84,614
Smokeproof, 105

Snow, 149, 638
Softwoods, 350

Soils, 245

Soils report, 253

Solar, 637

Sound, 211

Spans, 147
Span-to-depth ratio, 168
Species, 350
Specifications, 21
Sphere, 68

Spread footing, 281,285

Index

Sprinklers, 90, 521
Stainless steel, 315
Stairs, 85,106
Standpipes, 523

STC, 217

Steel, 315, 331

Stone, 304

Storm drains, 259, 520
Streets, 227

Structures, 147

Stucco, 415

Studs, 324,331,353
Substructure, 273, 285
Sun, 189, 451
Superstructure, 273, 287
Sustainable design, 205
Swale, 234

Switch, 609

Systems, 17

T

Task lighting, 564

Tee beam, 289
Telephone, 609
Temperature, 70, 637
Tension, 161

Termites, 256, 637
Terrazzo, 418

Thermal, 361

Thermal mass, 184, 368
Thermostat, 193

Tile, 417

Timber connectors, 328
Toilet partitions, 437

Ton, refrigeration, 546, 621

Torsion, 161
Transformers, 610
Tread, 85, 106
Trees, 267

Trench, 259
Trigonometry, 60
Truss, 164,334,356
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U

U value, 368
Undercoat, 424
Underlayment, 374-378

Unified soils classification, 247

Uplift, 154
Urethane, 375,379
Utilities, 259

\%

Value engineering, 54
Vapor barrier, 365

VAV, 552

Veneer, 348

Ventilation, 172,191, 363
Visual transmission, 411
Volt, 609

Volume, 73,243

W

Waffle slab, 288
Waiting room, 463

Walks, 234,265

Walls, 489

Washer, 456

Water, 17,260, 516
Water-cement ratio, 273
Water closet, 511
Water heater, 517
Waterproofing, 364
Water softener, 517
Watt, 609
Weatherstripping, 404
Weights, 74

Welds, 323

Wells, 517

Wind, 154, 638
Windows, 395

Wood, 337

Work, 78

Z

Zinc, 315

Zonal cavity, 600
Zone, AC systems, 552
Zoning, 81
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