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ABS (acrylonitrile-butadiene-styrene), 421
Absorption:

of clay masonry units, 165
and moisture control, 429–430
and septic disposal systems, 948
of sound, 864–865

Absorption bed, 949, 950, 952
Absorption field, 949–952
Absorption trench, 949–952
AC, see Alternating current
Accelerators, concrete, 75
Access controls, security, 1059–1060
Access doors and panels, 580, 581
Accessible design, see Handicapped

accessible design
Accordion folding doors, 580
Acid cleaning, 814–815
Acoustics, SI units of, 1140–1141
Acoustical ceilings, 721–729

accessories/miscellaneous materials,
726–727

fire performance, 727
installation, 727–729
materials, 721–724
support systems, 723–726

Acoustical correction, 861, 862
Acoustical plasters, 657–658, 662
Acoustical sealants, 551, 729
Acoustical treatments, 720–734

ceilings, 721–729
finishes, 720–734
integrated ceilings, 729–730
sustainability considerations for, 642
wall panels/baffles, 730–734

Acoustical wall panels and baffles, 730–734
fire performance, 732, 733
installation, 733–734
materials/fabrication, 730–732
support systems, 732, 733

Acrylics, 421, 792, 793
Acrylic conditioners, primers, and sealers,

820
Acrylic elastomeric polymer coatings, 820
Acrylic emulsion block fillers, 819
Acrylic emulsion coatings, 819
Acrylic latex coatings, 819
Acrylic latex terpolymer coatings, 819
Acrylic polymer coatings, 819
Acrylic polymer crack and surface repair

materials, 820

Acrylic solvent-release-curing sealants,
550–551

Acrylic terpolymer coatings, 819
Acrylonitrile-butadiene-styrene (ABS), 421
Active solar systems:

cooling, 1008
heating, 1004–1005

ADA (Americans with Disabilities Act), 837
Adaptability in handicapped design, 33–35
“Additional services,” 2
Additives, glass, 619, 620
Adhered roofing systems, 532, 533
Adhesives:

for gypsum board, 676
for resilient flooring, 758–761

Adhesive bonding:
for gypsum board, 678
in metal assemblies, 285, 286

Adhesive-held fasteners, 280
Adhesive-nail attachment, 680–682
Admixtures:

in concrete, 74–76
for concrete masonry units, 176
in mortar/grout, 154
in plaster materials, 660

Adsorption, 429–430
Aggregates:

concrete, 72–74
for concrete masonry units, 176
gradations of, 153–154
measuring, 100–101
in portland cement plaster, 658–659

Agricultural codes, 15
AIA (American Institute of Architects), 2
AIA documents, 48
Air:

curtain-wall infiltration of, 590–591
metal-roofing leakage of, 543

Airborne sound, 866–868
controlling, 868
measuring, 866–868
through flanking paths, 686

Air conditioning, see Heating, ventilating,
and air conditioning

Air conditioning units, 841
Aircraft traffic, 871–873
Air diffusion, 729
Air-dried lumber, 327
Air-entrained concrete slabs, 107
Air-entraining agents, 75–76
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organic coatings on, 305
priming of, 809
properties, 274–276
raw material, 270–274
as sheet metals, 535
sustainability considerations for, 247

Aluminum alloy designation systems,
272–274

Aluminum alloys, 270, 272–274
annealing, 272
designation systems, 272–274
heat-treatable, 270, 272
non-heat-treatable, 272

Aluminum metal roofing, 542, 543
Aluminum paints, 804–805

alkali-resistant paints, 805
general-purpose paints, 804
heat-resistant paints, 804–805

Aluminum siding, 515–519
grounding, 516–517
installation, 516
maintenance, 517
material, 515, 516

Aluminum windows and sliding glass doors,
593–600

accessories, 593
glazing, 593
installation, 600
manufacture, 594–595
standards of quality, 595–599
weatherstripping, 593

Aluminum-zinc alloy on steel, 542
American Architectural Manufacturers

Association (AAMA), 582, 583, 586,
591–598

AMCBO (Associated Major City Building
Officials), 22

American bond, 190, 191
American Forest & Paper Association

(AF&PA), 323, 357, 369, 371, 997
American Institute of Architects (AIA), 2
American Iron and Steel Institute (AISI),

256–258
American method of roofing, 488, 489
American National Standards Institute

(ANSI), 10
American Society of Heating, Refrigerating

and Air Conditioning Engineers
(ASHRAE), 11

American Softwood Lumber Standard, 333
Americans with Disabilities Act (ADA), 837
Amperage, 1022
Anchors:

for concrete, 88–89
for curtain walls, 588, 589
for entrances/storefronts, 582
for masonry, 157–160
for masonry units, 209–212
for metal doors/frames, 565
for wood framing, 360–361

Annealing:
of aluminum alloys, 272
of glass, 622

Anodic coatings, 308–310

Anodizing, color, 309
ANSI (American National Standards

Institute), 10
Antigraffiti coatings, 822
Antiscald faucets, 961
Appliances:

plumbing, see Plumbing fixtures
residential, see Residential appliances
safety, 25
sound control for, 969
sustainability considerations for, 1020

Arc furnace, 254
Arches, masonry, 199–200
Architect’s responsibilities, 44
Architect’s services, 2
Architectural Class I anodic coatings,

309–310
Architectural Class II anodic coatings, 309
Architectural harmony, 26, 27
Architectural precast concrete, 138–140
Architectural projections, 854
Architectural sheet metal roofing, 541
Architectural terra cotta, 169–171, 174, 175,

223
Architectural windows (AW), 599
Architectural Woodwork Institute (AWI),

337, 412, 577, 847
Arc welding, 283
Area controls (detection systems),

1061–1063
Area measurement, 1129
Armored cable, 1031
“As fabricated finishes”:

on aluminum, 300–301
on copper, 301
on nonferrous metals, 300–301

ASHRAE (American Society of Heating,
Refrigerating and Air Conditioning
Engineers), 11

ASHRAE energy conservation standard, 984
ASHRAE thermal comfort envelope,

983–984
Asphalt, 465, 466
Asphaltic adhesives, 759, 760
Asphaltic underlayment, 758
Asphalt roll roofing, 469, 810–811
Asphalt-rubber adhesive, 760
Asphalt shingles, 471–481

application, 476–479
hips/ridges, 479
nailing/fastening, 477–479
starter course, 477–478
strip shingles, 477, 479

exterior finishing of, 810–811
materials/types, 471, 472
preparation for installation, 471, 473–477

drip edges, 473
eave flashing, 471
flashing, 473–477
roof sheathing, 471
underlayment, 471

reroofing existing construction, 479–481
drip edge/eaves flashing strip, 480
existing roofing remaining, 479–480

1186 Index

Air-entraining portland cement, 72
Air-handling units, central station, 1010
Air plenum systems, 997–1104

floor construction, 999
foundation construction, 998
mechanical system, 999–1004
site preparation, 997, 998
termite protection, 997, 998
thermal integrity, 998–999
underfloor plumbing, 999
underfloor wiring, 999

Air supply, exterior, 204
Air-water systems, 1004
AISI designations, 256–258
Alarm systems, fire, 1063–1065
Alignment valves, 935
Alkali cleaning, 814
Alkali-resistant enamels, 803
Alkali-resistant paints, 805
Alkali-resistant primers and primer-sealers,

801
Alkyd enamels, 804
Alkyd flat wall paints, 803
Alkyd primers, 801, 802
Alkyd primer-sealers, 801
All-air HVAC systems, 995–1004

air plenum systems, 997–1104
floor construction, 999
foundation construction, 998
mechanical system, 999–1004
site preparation, 997, 998
termite protection, 997, 998
thermal integrity, 998–999
underfloor plumbing, 999
underfloor wiring, 999

forced-air delivery systems, 995–997
double-duct systems, 996
ductwork, 996–997
perimeter systems, 996
single-duct, single-zone systems,

995–996
single duct multizone systems, 996
single-duct reheat, 996
single-duct variable air volume systems,

996
All-glass entrances, 585
Alloying, 307
Alloy ores, 250, 251
Alloy steels, 258
All-water systems, 1001, 1003

hot and chilled water systems, 1003
hot water systems, 1001, 1003
thermal units, 1003

Alternating current (AC), 1023, 1024
Aluminum, 269–278

anodic coatings on, 308–310
chemical finishes for/cleaning of, 303–304
finishes, 303–304
laminated finishes on, 308
manufacture, 276–278
mechanical finishes on, 300–302
metal finishes, 303–305, 308–310
metallic finishes on, 307
in metal roofing, 542
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flashing, 480
removing existing roofing, 479
shingle application, 480–481
underlayment, 480

Asphalt water emulsions, 468
Associated Major City Building Officials

(AMCBO), 22
As tile backing, 708
ASTM designations, 257
ASTM International, 10
Atoms, 1104–1107
Attic insulation, 457
Audio detector, 1063
Automatic door openers, 613
Automatic storage water heaters, 935, 936
Auxiliary locks, 612
AW (architectural windows), 599
Awnings, 854

Back blocking, 685
Backfill, 1077–1079
Background noise, 870–873
Backing paper, 652
Backparging, 215–216
Baffles, 731–732
Ballasted roofing systems, 532
Bars, iron and steel, 267
Bar chart method, 47
Barrier-free design, 23–35

adaptability, 33–35
coordination disabilities, 32
elderly users, 32–33
general accessibility, 25–29
hearing impairment, 30
law/standards, 23–24
mental/perceptual impairment, 30
safety, 24–25
visual impairment, 29–30
wheelchair users, 30–32

Base beads, terrazzo, 774
Base coats, 458
Basecoat plaster mixes, 660
Basecoat plasters, 656
Base course for slabs on grade, 1079, 

1080
Base flashings, 538–539
Base lines, 56
Base-ply attachment, gypsum board,

681–683
Base sheets, 527
Base units (SI), 1120, 1122–1124
“Basic services,” 2
Batching (of concrete masonry units), 177
Bathrooms:

adaptable, 34
for elderly users, 33
lighting for, 1048, 1049
outlets in, 1037–1038
safety considerations for, 24–25
for wheelchair users, 31

Bathtubs, 25, 964–966
Bathtub-showers, 965, 966
Battens, 485
Batt insulation, 447–448, 451–453

Beams:
cast-in-place structural concrete, 126–129
forming, 78, 80
steel, 366, 367
structural precast concrete, 136
wood, 366, 367
wood frame floors, 363–366

Bearing capacity, soil, 1069, 1070
Bed joints:

brick, 212–213
concrete masonry units, 214–215

Beech, 747, 748
Below-grade construction, 432
Bending:

of aluminum, 277
in copper alloy products production, 298
of wood/wood products, 323, 324

Bending strength, 346
Beneficiation, 250
Bevel siding, 519
Bidder selection, 43–44
Bidding, 43–44

architect’s responsibilities, 44
basis of construction cost, 43
contractor selection, 43–44
documents for, 44
process of, 44
selecting bidders, 43–44

Bidets, 964
Billets, 262, 263
Binary system, 1119
Binders, terrazzo, 772, 773
Birch, 747, 748
Bitumens, 465, 466
Bitumen selection, 528
Bituminous membranes, 444
Bituminous roofing products, 465–471

installation/coating products, 468, 470
organic felt/glass fiber felt base products,

468, 469
shingle/mat/felt manufacture, 467–468
shingle/mat/felt raw materials, 465–467
standards of quality, 470–471

Blanket insulation, 447–448, 451–453
Blast cleaning, 813–814
Blast furnace, 251, 252
Bleeding, 105
Blinds, 853–855
Block, concrete, 180–182
Block fillers, 801
Block flooring, 749–750
Blooms, 262, 263
Blown wool insulation, 448
Board-and-batten siding, 519, 520
Board measure, 330
Boiler controls, 992
Boilers, 1009
Bolting, 278–279
Bond breakers, 552
Bonded concrete toppings, 141
Bonding, masonry unit, 209–212

anchorage, 212
metal-tied multiple-wythe walls, 211–212
metal-tied single-wythe walls, 210–211

multiple-wythe walls, 209–210
single-wythe walls, 209

Bonding of matter, 1105, 1107–1109
covalent, 1108–1109
ionic, 1107, 1108
metallic, 1108
secondary, 1109

Bond plaster, 656
Bond strength, 151
Boron, 251
Bowls, toilet, 963
Box beams, 389
Brake forming:

copper alloy products production, 298
iron and steel materials and products, 269

Branch circuits, 1027, 1028, 1038
Brass, 809–810
Brazing, 284–285
Brick:

building (common) brick, 172
concrete, 180, 181
exterior finishing of, 810
mortar bedding/jointing, 212–214

Brick flooring and paving, 734–737
installation, 736–737
materials, 735, 736
sustainability considerations for, 642

Brick pattern bonds, 190–192
common (American), 190, 191
contemporary, 191, 192
English, 191
English cross/Dutch, 191
Flemish, 191
running, 190, 191
stack, 191

Brick veneer:
bonding, 211, 212
thermal insulation of, 456, 457

Bridging, 372, 373
Brightened aluminum, 303
Bronze, 809–810
Broom finishing, 107
Brown coat, 665, 666
Buffed mechanical finishes, 301–302
Building code enforcement, 17, 19
Building codes, 15–21

effect on design, 15–18
enforcement, 17, 19
model, 19–21

Building (common) brick, 172
Building design, 3–8

construction systems/methods, 7
construction team, 4–5
future, 8
HVAC, 987–988
objectives, 3–4
shape types, 5–7
use types, 5
water supply, 926–935

Building envelope:
HVAC, 988
and passive solar heating systems, 1006

Building expansion joints, 93
Building materials life cycle, 38
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Building sealants, 549–551
acoustical sealants, 551
elastomeric sealants, 549, 550
latex-emulsion sealants, 551
oil-based caulking compound, 551
preformed foam sealants, 551
solvent-release-curing sealants, 550–551
tape sealants, 551

Built-up membrane roofing, 526–530
application, 528–530
felts, 526–528

Built-up roofing felts, 526–528
base sheets, 527
bitumen selection, 528
cap/flashing sheets, 528
ply count, 528
ply sheets, 528
selection of, 527
surfacing, 528

Burglary protection, 600–601, 614–615
Butyl solvent-release-curing sealants, 551

Cabinets, 846–852
for fire extinguishers, 833
installation, 852–853
materials/finishes, 849–852
quality standards, 847
safety, 25
sustainability considerations for, 846
types/styles, 849

Cables, electric, 1031
Cable trays, 1033
CABO (Council of American Building

Officials), 22
CAD (computer-aided design and drafting),

40
Caissons, 117, 118
Calcium, 619
Cant strips, 488, 507
Capacity insulation, 454
Cap flashings, 538–539
Capillary rise, 1083–1084
Caps, 756, 757
Cap sheets, 528
Carbon steel conversion coatings, 303
Carbon steel doors, 565–567
Carbon steel frames, 566, 568
Carbon steels, 256–258
Carpentry, finish, see Finish carpentry
Carpeting, 785–799

construction of, 786–794
comparative factors, 790–791
dyeing materials, 793–794
pile fibers, 791–793
types, 786–790

installation, 798–799
direct glue-down, 799
tacked/tackless, 798–799

selection criteria, 794–798
appearance retention, 795
certification of quality, 797
cushioning, 797–798
ease of maintenance, 795
standards of quality, 796–797

static generation, 795–796
tile, carpet, 798

sustainability considerations for, 642–
643

Carpet tile, 798
Carrier-current wireless systems, 1061
Cash flow, project, 48
Cast aluminum products, 277
Cast copper alloy products, 297
Cast-in-place structural concrete, 125–134

beams, 126–129
columns/piers/pilasters, 126, 127
stairs, 134
structural slabs, 129–134
walls, 125–126

Cast iron, 252, 255, 256
Cast iron sectional boilers, 1009
Cast steel products, 260, 261
Caulking:

oil-based, 551
for siding, 506

Cavity walls:
bonding, 211
masonry, 187–188
mortar used in, 155

Cavity wall ties, 159
Cedar shakes, 493, 494, 496–498

application, 502–504
coverage, 498
drip edge, 500
eave flashing, 500
flashing, 500–501
grades/sizes, 496, 497
maximum exposure for, 498, 512
nails for, 497, 498
roof sheathing, 499
slope limitations/exposure, 499
standards of quality, 497
types, 493, 496, 497
underlayment/interlayment, 499

Cedar shingles, 492–496
application, 501–503
coverage, 495
drip edge, 500
eave flashing, 499
flashing, 500
grades/types/sizes, 493, 494, 511–512
maximum exposure for, 496, 512
nails for, 497, 498
roof sheathing, 499
slope limitations/exposure, 499
standards of quality, 497
underlayment/interlayment, 499

Ceilings:
acoustical, 721–729
for fire containment/control, 548
integrated acoustical, 729–730
painting, 806–808
plaster, 663
thermal insulation of, 454–455

Ceiling assemblies:
floor and ceiling assemblies, see Floor and

ceiling assemblies
plaster, 663

roof and ceiling assemblies, see Roof and
ceiling assemblies

Ceiling panels, fire-resistant, 687
Cellular glass block insulation, 447
Cellulosics, 421
Cellulosic fiber insulation, 448
Cement(s):

for bituminous roofing, 468, 470
roofing, 462
as tile backing, 708
for tile roofing, 484

Cement-based underlayment, 143–144
Cement grout, 801
Cementitious binders, 772
Cementitious coatings, 821–822
Cementitious materials:

for concrete masonry units, 175
for mortar/grout, 153
portland cement plaster, 658

Cementitious waterproofing, 445
Center support, 359, 360
Centralized HVAC, 1009–1011

cooling equipment, 1010
embedded pipes/ducts, 1011
energy recovery systems, 1010–1011
heat generation equipment, 1009–1010
heating-cooling equipment, 1010

Central station air-handling units, 1010
Ceramic glazing, 164
Ceramic mosaic tile, 700, 702
Ceramic tile, 698–703

ceramic mosaic tile, 700, 702
glazed wall tile, 699, 700
painting interior, 808
paver tile, 702, 703
quarry tile, 702, 703
trim shapes, 699, 701

Certification, trade-association, 10
Cesspools, 946
Chamber, fireplace, 204
Channel-glazing compounds, 631
Channel method, 509–510
Checking (in plywood), 347
Chemical elements, 1106
Chemical finishes, 303–304

aluminum, 303–304
copper, 304
ferrous metals, 303

Chemical oxidizing, 304
Chemical properties of matter, 1114
Chemical treatments, 814–815

acid cleaning, 814–815
alkali cleaning, 814
paint removers, 815
pickling, 815
solvent wiping/degreasing, 814
steam cleaning, 814

Chimneys, 204–205, 1009
Chimney blocks, 182
Chimney flashing, 463, 475, 476, 480, 501
Chromium, 251, 298
Circuits, 1037–1039

branch, 1038
feeder circuits, 1039
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Circuit breakers, 1028, 1030
Cladding, 306–307
Clay masonry:

cleaning of, 221, 222
positioning of, 206–207

Clay masonry units, 160–175
classifications, 166–172

architectural terra cotta, 169–171
hollow units, 168–172
solid units, 167–170

manufacture, 160–165
burning/cooling, 164–165
ceramic glazing, 164
drawing, 165
drying, 164
forming, 162–164
mining/preparation/storage, 160, 162

properties, 165–166
absorption, 165
compressive strength, 165
durability, 166
natural color, 166
size variation, 166
texture, 166

raw materials, 160
standards controlling, 171–175

physical characteristics/uses, 171–175
weathering index, 171, 172

Clay roofing tile, 483–484
Clay waterproofing, 445
Cleaning:

acid cleaning, 814–815
alkali cleaning, 814
of aluminum, 303–304
blast cleaning, 813–814
of entrances/storefronts, 586
flame cleaning, 813
of glazed aluminum curtain walls, 593
with hand tools, 813
of masonry, 221–223
of nonferrous metal, 302
with power tools, 813
of resilient flooring, 771
steam cleaning, 814

Cleanouts, DWV system, 944
Clear organic coatings, 305
Clear wood sealers, 801
Cleats, 543
Cleavage membrane, 707
Climate, 984–985
Clips, 543
Clip-on storm panels, 610, 611
Closed-die forging, 261
Closers:

door, 613
mortar bedding/jointing, 214, 215

Closet shelving, 413
Clothes washers and dryers, see Washers and

dryers
CM, see Construction management
CM (construction management) delivery

systems, 39
Coal, 1009
CO/ALR (copper/aluminum) devices, 1035

Coal tar, 466
Coarse aggregates, 74
Coated glass, 627
Coater, felt-manufacture, 467
Coatings:

for bituminous roofing, 468, 470
as vapor retarders, 437

Codes, 14–22
advancement of, 22
building, 15–21
energy, 21–22
history of, 14
zoning, 14–15

Cohesion, 1069
Coiling doors, 581, 582
Cold-applied dampproofing, 443
Cold-applied sealants, 551
Cold drawing, 277
Cold finishing, 261–268

bars, 267
plates, 263, 264
sheet/strip, 263
structural shapes, 264–267
tubular products, 267–268
wire, 267

Cold-formed metal framing, 294–296
components, 294–295
design, 294
installation, 295–296

Cold forming of iron and steel, 268–269
brake forming, 269
deep drawing, 269
roller forming, 268, 269
shear forming, 269
stretch forming, 268, 269

Cold phosphate treatments, 815
Collection, solar, 1006–1007
Collectors, solar, 1004–1005
Color:

of clay masonry units, 166
of concrete masonry units, 180
and elderly users, 33
of mortar, 152

Color anodizing, 309
Colorants, 418
Colored aggregate mortar, 154
Colored pigmented mortar, 154
Columns:

cast-in-place structural concrete, 126, 127
forming, 78, 80
structural precast concrete, 136

Column-cover-and-spandrel systems, 587,
590

Combination sheet flashing, 537
Combination water heaters, 936
Combined sewer system, 1098
Combustion chamber, 203
Comfort, see Human comfort requirements
Commercial cement grout, 705
Commercial codes, 15
Commercial/residential codes, 15
Commissioning, HVAC, 991
Common (American) bond, 190, 191
Common brick, 172

Communications systems, 1054–1055
entrance signals, 1054
intercommunication systems, 1054–1055
telephone, 1055
television/radio, 1055

Compacting soil, 1080
Composite glass, 628–631
Composite insulation, 447
Composite panels, 541
Composition acoustical panels, 722, 723, 729
Composition acoustical tile, 722, 723,

728–729
Compression (of wood and wood products),

324
Compression test, 99, 100
Compressive strength:

of clay masonry units, 165
of concrete masonry units, 178
of masonry walls, 195, 196
of mortar, 151

Computer-aided design and drafting (CAD),
40

Concealed condensation, 432–435
crawl space construction, 435
roof and ceiling assemblies, 434
wall construction, 433–434

Concentrated load resistance, 346
Concrete, 65–144

accessories, 88–90
anchors/fasteners, 88–89
joint inserts, 89–90
reglets, 90
sleeves, 89
waterstops, 90

cast-in-place structural, 125–134
beams/girders, 126–129
columns/piers/pilasters, 126, 127
stairs, 134
structural slabs, 129–134
walls, 125–126

consolidating, 104–105
spading/puddling, 104
vibrating, 104–105

curing/protection, 111–113
length of time, 113
methods, 111–112
purpose, 111
temperatures, 112, 113

exterior finishing of, 810
finishing, 105–111

air-entrained slabs, 107
formed surfaces, 110
lightweight structural slabs, 107–108
special slab, 108–110
standard-weight slabs, 105–107
surface defects, 110–111

formwork, 76–81
design/construction, 76–81
materials, 76
removal, form, 81

foundation systems, 113–118
design, 114, 115
piles/caissons, 117, 118
spread, 115–117
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Concrete (cont’d)
glass-fiber-reinforced, 139–141

design flexibility, 139, 140
installation, 140–141
manufacture, 140
manufacturer, 140

and gypsum board, 680, 682
handling/transporting, 101–102
history of, 67–70
joints, 90–93

building expansion, 93
construction, 91, 92
control, 91, 92
isolation/separation, 91, 92

materials, 70–76
admixtures, 74–76
aggregates, 72–74
portland cement, 70–72
water, 72

mixtures/mixing, 93–101
consistency, 97–100
materials measurement, 100–101
mixing, 101
selection, 96–98
water-cement ratio, 93–96

painting of, 801
placing, 102–104

on hardened concrete, 104
order, 103–104
order of, 103–104
preparation, 102
shotcrete, 104
systems, 102–103

for plaster bases, 648
for plaster/gypsum board support, 644
precast, 134–140

architectural, 138–140
plant-cast units, 135
prestressing/post-tensioning, 139
site-cast units, 134–135
structural, 135–138

preparation for, 102
common requirements, 102
formed concrete, 102
slabs on grade, 102

reinforcement, 81–88
design/placement, 83, 84, 86–88
materials, 82–85
purpose, 82

roof decks, structural insulating, 141–143
poured-in-place gypsum, 141–142
prefabricated, 142, 143

slabs on grade, 118–125
design, 118
flatness/levelness, 124–125
ground-supported, 118–123
moisture control, 124
structurally-supported, 123–124
thermal control, 124

sustainability considerations for, 66–67
disposal, 67
manufacture of products used in, 

66–67
production/installation, 67

raw materials, 66
useful life, 67

toppings, 141
bonded, 141
slab flatness, 141
unbonded, 141

underlayment, 143–144
cement-based, 143–144
gypsum cementitious, 143

Concrete block, 180–182
Concrete brick, 180, 181
Concrete finishing, 105–111

air-entrained slabs, 107
formed surfaces, 110
lightweight structural slabs, 107–108
special slab finishes, 108–110
standard-weight slabs, 105–107
surface defects, 110–111

Concrete floors, 808
Concrete footings, 115–117

continuous, 116
isolated, 116
location of, 117
material for, 116
reinforced, 117
size of, 116, 117
stepped, 116

Concrete form panels, 345
Concrete foundation systems, 113–118

design of, 114, 115
piles/caissons, 117, 118
spread foundations, 115–117

Concrete masonry:
pattern bonds, 191–192
positioning of, 207

Concrete masonry units, 175–183
classification, 180–182

block, concrete, 180–182
brick, concrete, 180, 181
special units, 182

manufacture, 176–178
batching/mixing, 177
cubing/storage, 178
curing, 177–178
delivery, 178
molding units, 177
receiving raw materials, 177

mortar bedding/jointing, 214–215
bed joints, 214–215
closers, 215
head joints, 215

physical properties, 178–180
color, 180
compressive strength, 178
surface texture, 180
tensile strength/flexural

strength/modulus of elasticity, 178
volume changes, 179–180
water absorption, 179

raw materials, 175–176
admixtures, 176
aggregates, 176
cementitious, 175

standards controlling, 182–183

grades, 183
types, 183

Concrete materials, 70–76
admixtures, 74–76
aggregates, 72–74
portland cement, 70–72
water, 72

Concrete mixtures, 93–101
consistency, 97–100

compression test, 99, 100
slump test, 98, 99

materials measurement, 100–101
aggregates, 100–101
portland cement, 100
water, 100

mixing, 101
ready-mixed, 101
remixing, 101

selection, 96–98
slabs on grade, 97
water allowance, 97, 98
weathering, 97

water-cement ratio, 93–96
durability, 94
strength, 93–96
watertightness, 94, 96

Concrete slabs:
air-entrained, 107
finishing of standard-weight, 105–107
flatness of, 124–125
levelness of, 124–125
lightweight-structural, 107–108
moisture control of, 124
post-tensioning of flat-plate, 133, 134
and sound control, 887
thermal control of, 124

Concrete stairs, 134
Concrete subflooring, 707, 761–762
Concrete substrates, 523
Concrete tile, 484
Concrete toppings, 141
Concrete unit masonry, 222–223
Concrete walls, 882–884
Condensation, 431–435

concealed condensation, 432–435
surface condensation, 431–432
vapor, 459

Condensation resistance, 591
Condensation tolerance of materials, 430
Conductance through materials, 985, 986
Conduction, heat, 975, 976
Conductivity:

and heat transfer through materials, 985,
986

of plastics, 419
thermal, 1113

Conductors, electric, 1030–1031
Conductor size, 1039, 1040
Connections, electrical, 1039, 1041
Consistency, 1069
Consistency tests, 63
Construction contract administration, 

45–46
Construction cost basis, 43
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Construction documents, 38–43
drawings, 39–40
project delivery systems, 38–39
project manual, 40–43

Construction joints, 91, 92
Construction management (CM), 46–48

advantages/disadvantages, 46–47
AIA documents, 48
considerations, 48
manager qualifications, 47
project cash flow, 48
scheduling, 47–48

Construction management delivery systems,
39

Construction manager qualifications, 47
Construction plywood, 337–348

exposure durability, 340, 343
grades, 343–344
manufacture, 338–339
performance-rated panels, 344
properties, 346–348
sizes, 345–347
specialty plywoods, 344–345
standards of quality, 339–346
wood species, 339, 340, 343

Construction services, 2
Construction systems and methods, 7
Construction team, 4–5
Constructor selection, 44
Contact adhesives, 676
Contemporary bonds, 191, 192
Continuous beams, 128
Continuous footings, 116
Continuous joint reinforcement, 212
Contracting, 43–48

bidding/negotiation, 43–44
construction contract administration,

45–46
construction management, 46–48

Contraction:
and flashing, 540
with metal roofing, 543–544
of plastics, 419

Contractor selection, 43–44
Control joints, 91, 92

for concrete masonry, 193–195
portland-cement-plaster crack control, 668,

669
tile, 710

Controlled natural finishes, 300, 301
Convection, 976
Convection heating and cooling units, 1012
Convectors, 1012
Convenience outlets, 1034
Conventional steel framing, 288–289
Conventional wood framing, 362–381

floor and ceiling assemblies, 362–375
bridging, 372, 373
girder-joist connection, 366–367
joists, floor, 367–373
lumber materials, 363
mechanical/electrical equipment

framing, 374, 375
openings, floor, 373

posts/beams/girders, 363–366
projections, floor, 373, 374
sill plate construction, 367

furring, 381
roof and ceiling assemblies, 376–381

joist-and-rafter roofs, 377–380
joist roofs, 380, 381
materials, 377

wall assemblies, 375–376
materials, 375
studs/partitions, 375–376

Conversion coatings:
on aluminum, 303
on copper and copper alloys, 304
on ferrous metals, 303

Conversion of numerical values, 1144–1148
exact conversion, 1144–1148
hard conversion, 1144, 1145
rationalization, 1145, 1148
soft conversion, 1144

Conveying systems, 908–916
elevators/lifts, 908–915
escalators/moving walks, 915–916

Cooktops, 837, 838
Cooling equipment, 1010

cooling components, 1010
fuel, 1010
refrigeration cycle, 1010

Cooling looper, 467, 468
Cooling-only systems, 995
Cooling operating hours, 985
Coordination disabilities, 32
Copings, 538, 545
Copper, 296–298

alloy products production, 297–298
alloys, 297
chemical finishes, 304
lead-coated, 307
mechanical finishes, 300–301
in metal roofing, 542
priming of, 809–810
as sheet metals, 535–536

Copper-alloy doors and frames, 568
Copper alloy products production:

fabrication, 298
bending, 298
brake forming, 298
explosive forming, 298
forging, 298
roll forming, 298
spinning, 298

forming methods, 297
casting, 297
drawing, 297
extruding, 297
rolling, 297

Copper/aluminum (CO/ALR) devices, 
1035

Copper metal roofing, 542–543
Cork tile, 753
Corner finishing, 510
Corner floating, 685
Corner trim, 677, 693
Correction lines, 56

Corridors:
adaptable, 34
and sound control, 888, 889

Corrosion resistance:
of aluminum, 274–276
of plastics, 420

Corrosive ferrous metals, 299
Corrosiveness, 938, 939
Cost of adaptable design, 35
Council of American Building Officials

(CABO), 22
Countertops, 852

filled polymer, 852
installation, 853
other materials, 852
plastic laminate, 852
tiled, 711, 712

Covalent bonding, 1108–1109
Cove base flashing, 766–767
CPM, see Critical path method
Crack control:

for gypsum board, 684–686
for masonry units, 192–195
for portland cement plaster, 668–670

Cracking:
EIFS, 459
in gypsum board, 696, 697

Crawl spaces:
concealed condensation in, 435
thermal insulation of, 450–451, 456
vapor retarder/ventilation design for,

438–439
Crazing, 110–111
Creep, 419
Creosote, 356
Critical path method (CPM), 47, 48
Crossbracing, 410, 412
CSI, 41–42
Cubing, 178
Curb ramps, 26
Curing:

of concrete, 111–113
of concrete masonry units, 177–178
of portland cement plaster, 667–668
of tile, 709–710

Curing covers (for concrete), 112
Current flow, 1021–1024

AC/DC, 1022–1024
amperage, 1022
power, 1022–1023
resistance, 1022
voltage, 1022

Curved panels, 389, 390
Cushioning, carpet, 797–798
Cushioning impact (sound control), 884–885

Damping capacity, 1112
Dampproofing, 220, 442–443
Dash bond coat, 665, 666
DBT (dry-bulb temperature), 978
DC, see Direct current
Dead loads, 114
Decals for unauthorized entry prevention, 1062
Decay, lumber, 331
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Decay resistance, 348
Decentralized HVAC, 1011–1013

direct refrigeration units, 1011–1012
fireplaces/stoves, 1013
humidity controls, 1013
radiant heating units, 1013
terminal units, 1012–1013

Decimals, 1145
Decimal system, 1119
Decking, steel, 292–294
Decorative characteristics (of wood and

wood products), 325
Decorative chips, 773
Decorative concrete blocks, 182
Decorative glass, 628
Decorative plywood, 348–353

general classifications, 351–353
manufacture, 348–351

Deep drawing, 269
Deformation, 1109
Degreasing, 814
Degree days, 985
Delivery (of concrete masonry units), 178
Delivery systems, 38–39

construction management, 39
design-bid-build, 38–39
design-build, 39
fast-track, 39

Demand water heaters, 936
Demolition, 60–61
Demountable partitions, 692
Density, 1069
Density tests, 63
Department of Commerce (DOC), 11–12
Department of Housing and Urban

Development (HUD), 12–13
FHA/HUD housing programs, 13
Materials Bulletins, 13
Minimum Property Standards, 13

Derived units (SI), 1122–1125
Design-bid-build delivery systems, 38–39
Design-build delivery systems, 39
Design requirements, 1–43

for barrier-free design, 23–35
adaptability, 33–35
coordination disabilities, 32
elderly users, 32–33
general accessibility, 25–29
hearing impairment, 30
law/standards, 23–24
mental/perceptual impairment, 30
safety, 24–25
visual impairment, 29–30
wheelchair users, 30–32

for buildings:
construction systems/methods, 7
construction team, 4–5
future, 8
objectives, 3–4
shape types, 5–7
use types, 5

codes, 14–22
advancement, 22
building, 15–21

history, 14
national energy, 21–22
zoning, 14–15

construction documents, 38–43
drawings, 39–40
project delivery systems, 38–39
project manual, 40–43

industry standards, 8–14
European, 13–14
federal, 11–13
private industry, 9–11
types/objectives/uses, 9

for sustainable building design, 35–38
design factors, 38
LEED, 35–37
life cycle, 35, 38

Design services, 2
Design standards, 9
Detection systems, 1060–1063

area controls, 1061–1063
perimeter intrusion detection, 1060–1061

Detector elements, 1060
Deterioration of materials, 430
Dewatering, 1084
Dew point temperature, 978, 979
Die castings, aluminum, 277
Dimensional instability, 430
Dimensional stability, 346
Dimensionless quantities, measurement of,

1144
Direct application method (for mineral-fiber-

cement shingles), 508
Direct chemical attack, 275, 276
Direct current (DC), 1022–1024
Direct gain passive solar heating systems,

1007
Direct glue-down carpet installation, 799
Directional textured mechanical finishes, 302
Direct reduction, 250, 252
Direct refrigerant HVAC systems, 1004
Direct refrigeration units, 1011–1012
Direct water heaters, 935, 936
Dirt resistance, 155
Dishwashers, 837, 839, 840
Distribution line, 949, 950, 952
Distribution panel, 1027
Divider strips, terrazzo, 773–774
Division of sections, 58
DOC, see Department of Commerce
Documents:

AIA, 48
bidding, 44
construction, see Construction documents
negotiation, 44

Doors, 564–582
adaptable, 33
entrances/storefronts, see Entrances and

storefronts
glazing, see Glazing
hardware for, 611–616

burglary protection, 614–615
finish, 611–614
handicapped provisions, 616
weather protection, 614

metal doors/frames, 564–570
carbon steel doors, 565–567
carbon steel frames, 566, 568
formed stainless steel/copper-alloy, 568
general requirements, 564–565
installation, 568–570

and safety, 24
sliding glass, 593–600

aluminum, 593–599
general requirements, 593
installation, 600, 608
wood/plastic, 600–608

and sound control, 874–877
construction/installation, 874–876
location, 876, 877

specialty, 580–582
access doors/panels, 580, 581
accordion folding doors, 580
coiling doors, 581, 582
vertical lift doors, 580, 581

storm/screen, 608–611
installation, 611
materials/finishes, 608, 609
standards, 608
types, 609–611

sustainability considerations for, 564
wood/plastic, 569–580, 600–608

burglar protection, 600–601
components, 603–607
fabrication/assembly, 601, 603
installation, 579–580, 608
manufacture, 574–579
materials, 601
operation, door, 573–574
selection, 607, 608
standards, 600
standards of quality, 577, 579
types/nomenclature, 601–603
types/uses, 570–573
Wood Door Manufacturers Association

(WDMA), 577
Door bottoms, 614
Door closers, 613
Door hardware, 611–616

burglary protection, 614–615
finish hardware, 611–614
handicapped provisions, 616
weather protection, 614

Double-coverage mineral-surfaced roll
roofing, 526, 527

Double-duct systems, 996
Douglas fir, 748
Dovetail anchors, 159
Downfeed water supply systems, 931
Downspouts, 545, 959
Drains:

DWV system, 940, 941
roof, 959–960

Drainage, 939–960
sanitary sewage disposal, see Sanitary

sewage disposal
storm water disposal, 958–960

Drainage, waste, and vent (DWV) system,
940–946
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cleanouts, 944
components, 940–941
design of piping, 942–944
gravity flow, 941, 942
pipe, 944–946
separation of systems, 966, 967

Drain flashing, roof, 539
Drapes, 855, 856
Drawings, 39–40

organization of, 39
reproduction of, 40
scales used in, 1142

Drawing methods, 39–40
CAD, 40
overlay drafting, 40

Drawing process:
aluminum, 278
clay masonry unit production, 165
copper alloy products production, 297
iron/steel products production, 269

Drawing reproduction, 40
Drinking fountains, 966
Drip edge, 464, 465

for asphalt shingles, 473, 480
for mineral-fiber-cement shingles, 488
for roll roofing, 525
for wood shingles/shakes, 500

Driven piles, 1085–1086
Dry-bulb temperature (DBT), 978
Dryers, clothes, see Washers and dryers
Dry-fallout spray flat paints, 803
Dry-fallout spray gloss, 803
Dry-fallout spray semigloss, 803
Dry looper, 467
Dry organic felt, 465, 466
Dry-press process, 164
Dry rot, 353
Dry-set grout, 705
Dry-set mortar, 704
Dry-shake colored surface, 109
Drywall gypsum screws, 675
Drywall sheet metal screws, 675
Drywall wood screws, 675
Ductwork, 996–997, 1011
Durability:

of carpeting, 794–795
of clay masonry units, 166
of mortar, 151
of plywood, 340, 343, 346
of resilient flooring, 755
and water-cement ratio, 94

Dusting, concrete, 111
Dutch bond, 191
Dutch method of roofing, 489–490
DWV system, see Drainage, waste, and vent

system
Dyeing, 793–794

Earthwork, 1068–1087
base course for slabs on grade, 1079, 1080
compacting, 1080
excavating, 1075, 1076
excavation support systems, 1075–1078
fill/backfill, 1077–1079

grading, 1079, 1080
site clearing, 1073
slope protection/erosion control,

1080–1081
soils, 1068–1073

bearing capacity, 1069, 1070
classification, 1068–1070
nonproblem soils, 1071–1072
problem soils, 1072
properties, 1069
settlement, 1070–1071
temperature, effects of, 1072–1073
water, effects of, 1072

special foundations/load-bearing elements,
1085–1087

caissons, 1086–1087
driven piles, 1085–1086

sustainability considerations for, 1068
termite control, 1081–1083
underpinning, 1073–1075
water problems, 1083–1085

control of, 1084–1085
groundwater, 1083–1084
surface water, 1083

Eaves flashing, 463–464, 480
and asphalt shingles, 471
for mineral-fiber-cement shingles, 488
for wood shingles/shakes, 499, 500

Echoes, 863–864
Edges:

and flashing, 539–540
in metal roofing, 543

Edge trim, 677, 693
Edging, concrete, 106
Effectiveness, 1060
Effective temperature (ET), 981, 983
Efflorescence, 222
EIFS, see External insulation and finish

systems
Elastic deformation, 1109
Elastomeric sealants, 549, 550
Elderly users, 32–33
Electrical, 1018–1040. See also Electricity

accessible design, 29
adaptable, 35
for elderly users, 33
lighting, 1045–1050
lightning protection, 1043–1045
service and distribution, see Electrical

service and distribution
and sound control, 877
sustainability considerations for,

1018–1020
for wheelchair users, 32
and wood frame floors, 374, 375

Electrical engineering, 1144
Electrical metallic tubing (EMT), 1032
Electrical power distribution, 1100–1101

primary distribution, 1100
service drop, 1101
single-phase service, 1100, 1101
sustainability considerations for, 1096
three-phase service, 1101

Electrical properties of matter, 1114

Electrical service and distribution,
1023–1043

cables/conductors/raceways, 1030–1033
codes/standards, 1024, 1025
low-voltage circuits, 1041–1042
outlet locations, 1036–1037
overload protection devices, 1028, 1030
planning for future additions, 1042
plugs/outlets/switches, 1033–1035
power requirements, service, 1025
service entrance/distribution equipment,

1025, 1027–1029
service power requirements, 1025
sound control, 1042–1043
symbols, 1025, 1026
wiring recommendations, see Wiring,

electrical
Electrical service entrance, 1025, 1027–1029

branch circuit, 1027, 1028
distribution panel, 1027
feeders, 1027
service entrance panel, 1025, 1027–1029

Electrical service entrance panel, 1025,
1027–1029

Electrical service power requirements, 1025
Electrical wiring symbols, 1026
Electric arc furnace, 254
Electric heating systems, 1004
Electricity, 1009, 1020–1024

alternating and direct current, 1023, 1024
current flow, 1021–1023
Ohm’s law, 1023
SI units of, 1137–1139

Electric panel heating, 689, 690
Electric processes in steelmaking, 254, 255
Electric radiant heaters, 1013
Electric traction elevators, 909–910
Electrolytically deposited color, 309
Electronic safety and security, 1058–1065

fire detection/alarm, 1064–1065
containment/control, 1065
detection/escape, 1064–1065

intrusion prevention/detection, 1058–1063
access controls, 1059–1060
detection systems, 1060–1063
site planning, 1059

Electroplating, 306
Electropolishing, 302
Elevators, 908–914. See also Lifts

auxiliary equipment, 912–913
electric traction elevators, 909–910
freight elevators, 912
history, 908
installation, 914
oil hydraulic elevators, 910–911
passenger elevators, 911–912
selection criteria, 913–914
for wheelchair users, 30

Embedded pipes and ducts, 1011
Emissivity, 976
EMT (electrical metallic tubing), 1032
Enamels:

alkali-resistant, 803
alkyd, 804
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Enamels (cont’d)
epoxy/urethane, 803
for equipment, 804
for floors, 803
gloss, 802–803
for masonry, 804
semigloss, 803
for trim, 804
undercoater, 801

Enameling, 623
Enamel undercoaters, 801
Encasement (for fire containment and

control), 547, 548
gypsum board, 547, 548
mineral fiberboard, 547, 548
plaster, 547

End joints, 520
Endlap, roof, 461, 462
Energy, 1143–1144
Energy codes, 21–22
Energy recovery systems, 1010–1011
Engineered wood products, 337–353

fiberboard, 353
nonveneer panels, 353
plywood, see Plywood

English bond, 191
English cross bond, 191
Entrances and storefronts, 582–586

adjustment/cleaning/protection, 586
extruded aluminum, 583–585
finishes, 582
finish hardware, 585
installation, 585
materials, 582
revolving doors, 585–586
standards, 582
supports/anchors/fasteners/flashing, 582
weatherstripping, 582–583

Entrance signals, 1054
Entries:

accessibility, 27
adaptable, 33–34
and coordination disabilities, 32
for wheelchair users, 30, 31

Environment, design considerations for, 3
Environmental control, 979
Epoxies, 423, 784
Epoxy adhesive, 705, 760–761
Epoxy enamels, 803
Epoxy grout, 705
Epoxy mortar, 705
Equilibrium moisture content, 319–320
Equipment, 836–843

residential appliances, 837–841
sustainability considerations for, 836–837
unit kitchens, 841–843

Equipment enamels, 804
Erosion control, 1080–1081
Escalators, 915–916
ET, see Effective temperature
Etched aluminum, 303
Etching, 623
European standards, 13–14
Evaporation, 976

Evaporative air cooling equipment, 1010
Exact conversion, 1144–1148
Excavating, 1075, 1076
Excavation support systems, 1075–1078
Exhaust hoods, 838, 839
Exit devices, 613
Expansion:

and flashing, 540
with metal roofing, 543–544
of plastics, 419
thermal, 1113, 1114

Expansion bolts, 280
Expansion joint covers, 545
Expansion joints, 93

for clay masonry, 192–194
for tile, 710
wall flashing at, 538

Expansion strips, terrazzo, 774
Explosive forming, 298
Exposed aggregate surface, 108–109
Exposure:

roof, 461, 462
for wood board siding, 519
for wood shingles/shakes, 498, 499, 512,

513
Exposure durability, plywood, 340, 343
Exterior finishing (paint), 810–811

for asphalt roofing, 810–811
for masonry, 810
for metal roofing, 811
for mineral-fiber-cement, 810
for wood, 810

Exterior improvements, see Landscaping
Exterior latex paints, 804
Exterior lighting, 1049–1050
Exterior primers, 801–802

for masonry, 802
for metal, 802
for wood, 801–802

Exterior priming, 809–810
for masonry, 809
for metal, 809–810
for wood, 809

Exterior shading devices, 853–856
architectural projections, 854
awnings, 854
roll blinds/shades, 853–854
shutters, 853

Exterior topcoat paints, 803–805
alkyd enamels, 804
aluminum paints, 804–805
latex paints, exterior, 804
oil-base paints, 803–804
oleoresinous paints, 804

Exterior type plywood, 340
External insulation and finish systems

(EIFS), 457–459
characteristics, 458–459
selection of system, 459
system classes, 458–459

Extinguishing systems, fire, 920
Extruded aluminum doors, frames, and

storefronts, 583–585
design requirements, 583

doors, 583
frames/storefronts, 583–585
manufacture, 583

Extruding:
aluminum, 277
copper alloy products production, 297
wrought steel products, 261, 262

Fabric wall coverings, vinyl-coated, 643,
799–800

Faced concrete blocks, 182
Faced walls, 211
Faced wall ties, 159
Face glazing compounds, 631
Face paper, 696
Face-ply attachment, 683, 684
Facing brick, 172, 173
Facing tile:

glazed, 173–175
mortar used for, 155
unglazed, 173, 174

Factory codes, 15
Factory-formed metal roofing, see Preformed

metal roofing
Fan coil units, 1012
Fascias, 545
Fasteners:

for aluminum windows/doors, 594–595
for asphalt shingles, 477–479
for concrete, 88–89
for curtain walls, 588, 589
for entrances/storefronts, 582
for flashing/sheet metal, 537
for gypsum board, 674–675, 678, 693, 695
for metal doors/frames, 565
for metal roofing, 542–543
for mineral-fiber-cement shingles, 487,

507
for roll roofing, 525
for roofing, 464, 465
for siding, 506
for slate roofing, 481
for steel windows, 599
for tile roofing, 484

Fast-track delivery systems, 39
Fatigue resistance, 1112
Faucets, 961
Feature strips, 756, 757
Federal government standards, 11–13

DOC VP Standards, 11–12
GSA Federal Specifications, 12
HUD, 12–13
military agencies, 12

Federal Housing Administration (FHA),
12–13

Federal Specifications, 12
Feeder circuits, 1039
Feeders, 1027
Felt, 465–468, 758
Felted hair, 797
Fences, 1059
Ferrous metals:

adhesive bonding, 285, 286
chemical finishes, 303
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laminated finishes on, 308
mechanical finishes on, 299–300
metal finishes, 299–300
metallic finishes on, 307
organic coatings on, 304–305
priming of, 809
welding, 281–284

FHA, see Federal Housing Administration
FHA/HUD housing programs, 13
Fiberboard, 353, 449
Fiber saturation point, 319
Field-formed metal roofing, 541, 544
Fill, 1077–1079
Filled polymer countertops, 852, 853
Fillers (in plastics), 418
Fine aggregates, 73, 74
Fine aggregate terrazzo, 773
Finishes, 641–823

acoustical treatment, 720–734
aluminum window/door, 594
brick flooring/paving, 734–737
carpeting, 785–799
curtain-wall, 588
entrance/storefront, 582
fluid-applied flooring, 782–785
gypsum board, see Gypsum board
gypsum plaster, 660–663
metal door/frame, 565
metal roofing, 542
painting, 800–818
portland cement plaster, 663–670
resilient flooring, 751–771
special coatings, 818–823
steel window, 599
stone, 230–231
stone flooring/paving, 737–742
for storm/screen doors/windows, 608, 

609
supports for plaster/gypsum board,

643–647
sustainability considerations for, 642–643
terrazzo flooring, 771–782
tiling, see Tiling
vinyl-coated fabric wall coverings,

799–800
wood flooring, 742–751
for wood/plastic doors, 576, 577

Finish carpentry, 412–414
materials/grades, 412
paneling, 413, 414
shelving, 413
stairwork/handrails, 413, 414
trim/rails, 412–413

Finish coat(s):
EIFS, 458
portland cement plaster, 666, 667

Finish coat plasters, 656–658
acoustical plasters, 657–658
gauging plaster, 656
gypsum Keene’s cement plaster, 656
molding plaster, 657
prepared gypsum finish plaster, 656
veneer plaster, 657

Finish coat plaster mixes, 660

Finish defects:
in gypsum board, 693–697

cracking/ridging, 696, 697
nail popping, 694–696
shadowing, 696

Fire containment and control, 547–549, 1065
ceilings, 548
encasement, 547, 548
flame shields, 548
and HVAC, 994
intumescent coatings, 548
spray-applied fireproofing, 547, 548
through-penetration fireproofing, 548, 

549
Fire detection and alarm, 1064–1065

containment/control of fires, 1065
escape from fires, 1064–1065
smoke/fire alarm systems, 1063–1065

Fire extinguishers, 832–833
Fire extinguishing systems, 920
Fireplaces, 201–205, 1013

combustion chamber, 203
exterior air supply, 204
flue, 204
hearth, 204
separation from other construction, 203
size/shape, 203–204
smoke shelf/chamber, 204
throat, 203, 204
types, 204

Fire prevention, 546–547
plants, fire-resistant, 545–546
retardant products, 545
sources of fire, 545

Fireproofing, 546–549
containment/control, fire, 547–549
prevention, fire, 546–547

Fire resistance:
of construction plywood, 348
in masonry unit design, 201
of plastics, 420

Fire-resistant construction, 687–688
Fire-resistant lath, 653
Fire-resistant wallboard, 672
Fire-retardant intumescent coatings, 805
Fire-retardant paints, 805
Fire-retardant products, 545
Fire-retardant wood treatment, 357
Fire sources, 545
Fire suppression sprinkler systems, 919–920
Fire suppression standpipe systems, 918–919
Fire suppression systems, 918–920

extinguishing, 920
sprinkler, 919–920
standpipe, 918–919
sustainability considerations for, 918

Fire tube boilers, 1009
Flame cleaning, 813
Flame shields, 548
Flashing, 534–540

and asphalt shingles, 471, 473–477, 480
chimney flashing, 463, 475, 476, 480, 501
for curtain walls, 588, 589
drip edges, 464, 465

eaves flashing, 463–464, 471, 480, 488,
499, 500

for entrances/storefronts, 582
fasteners, 537
installation, 539–540
in masonry, 160
masonry unit erection, 217–219
and masonry wall strengths, 197
for membrane roofing, 524, 525
for metal doors/frames, 565
for metal roofing, 545
for mineral-fiber-cement shingles, 488,

489, 507, 510, 511
at openings/corners, 510, 511, 521
for plaster supports, 653
preparation, 539
for roll roofing, 525
roof flashing, 462–465, 538–539
sheet flashings, 536–537
sheet metals, 534–537
for siding, 505, 506
for single-ply membrane roofs, 534, 535
stack flashing, 475–477
valley flashing, 463, 473–475, 480
vertical sidewall flashing, 475
vertical wall, flashing against, 480
wall flashing, 505, 506, 537, 538
for wood/hardboard board siding, 521
for wood shingles/shakes, 499–501

Flashing cement, 468
Flashing receivers, 540
Flashing sheets, 528
Flat glass products, 623–631

coated glass, 627
composite glass, 628–631
decorative glass, 628
float glass, 624–625
heat-absorbing glass, 627
heat-treated glass, 627–628
standards of quality, 623–624
tinted glass, 625–627
wired glass, 625, 626

Flatness:
of concrete slabs, 124–125
and concrete toppings, 141
of structural slabs, 133

Flat paint finishes, 803
Flat plate slabs, 131–133
Flecked, multicolored interior finishes, 822
Flemish bond, 191
Flexible metal conduit, 1032
Flexible sheet flashings, 536–537
Flexural strength of concrete masonry units,

178
Flips, 7
Float glass, 624–625
Floating:

in concrete finishing, 106, 107
corner, 685
in glassmaking, 621–622

Flocked carpet, 790
Floors:

adaptable, 35
and air plenum systems, 999
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Floors (cont’d)
forming, 80, 81
and HVAC, 988
painting interior, 808
permanent wood foundation systems, 359
plank-and-beam, 400–405
and sound control, 887–888
steel decking in, 293–294
structural precast concrete elements of,

136–137
thermal insulation of, 450–451
vapor retarder installation in, 442
and wall flashing, 538
wood framing, 362–375

Floor and ceiling assemblies:
panelized, 384–385
and sound control, 884–887
wood framing, 362–375

bridging, 372, 373
girder-joist connection, 366–367
joists, floor, 367–373
lumber materials, 363
mechanical/electrical equipment

framing, 374, 375
openings, floor, 373
posts/beams/girders, 363–366
projections, floor, 373, 374
sill plate construction, 367

Floor diaphragms, 412
Floor enamels, 803
Flooring, 734–785

brick, 734–737
fluid-applied, 782–785
resilient, 751–771
stone, 737–742
terrazzo, 771–782
wood, 742–751

Floor mat detector, 1063
Floor openings, 373
Floor projections, 373, 374
Floor slabs, beams as part of, 128
Flue, masonry, 204
Fluid-applied flooring, 782–785

environmental conditions, 784
installation, 784–785
maintenance, 785
materials, 783–784
preparation, 785
protection, 785
qualifications of installer, 785
sustainability considerations for, 642
systems, 782–783

Fluid-applied membranes, 444
Fluid capacity, 1129
Fluorescent lamps, 1045
Fluorocarbons, 421
Flush doors, 570–572
Flushing mechanisms, 961–963
Flush joints, 692–694
Flush-panel doors, 583
Flush tank units, 961–962
Flush valve units, 962
Fluxes, 250
Flying forms, 80

Foamed-in-place insulation, 448–449
Foil-backed lath, 653
Foil-backed wallboard, 672
Folding doors, 573, 574
Footings:

concrete, 115–117
forming, 77–78
for permanent wood foundation systems,

357, 358, 360
Force, 1142, 1143
Forced-air delivery systems, 995–997

double-duct systems, 996
ductwork, 996–997
perimeter systems, 996
single-duct, single-zone systems, 995–996
single duct multizone systems, 996
single-duct reheat, 996
single-duct variable air volume systems, 996

Forging:
aluminum, 278
copper alloy products production, 298
wrought steel products, 261, 262

Formed concrete, 102
Formed concrete surfaces, 110
Formed frames/doors, 568–570
Formed-in-place metal roofing, see Field-

formed metal roofing
Forming floors, 80, 81
Form removal, 81
Formwork, 76–81

beams/girders, 78, 80
columns, 78, 80
floors, 80
flying forms, 80
footings, 77–78
permanent forms, 76
removal, form, 81
slip forming, 80, 81
temporary forms, 76
walls, 78, 79

Foundations:
and air plenum systems, 998
caissons, 1086–1087
concrete, see Concrete foundation systems
driven piles, 1085–1086
permanent wood foundation systems,

357–360
reinsulation of, 455–456

Foundation walls:
masonry walls, 199
permanent wood, 358, 359

Foundry, iron making, 251, 252
Four-pipe systems, 1003
Fractional sections, 57–58
Fractions, 1145
Frames:

burglary protection, 615
carbon steel frames, 566, 568
for wood/plastic windows/sliding doors,

603–604
Framed systems, glass unit masonry, 237
Frameless systems, glass unit masonry, 237
Framing:

cold-formed metal, 294–296

gypsum plaster applied over, 662–663
roof, 462
structural steel, 286–292
wood, see Wood framing

Freezers, 837, 839, 840
Freight elevators, 912
Frequency, 859–861
Fuel sources:

for cooling equipment, 1010
for water heaters, 936–938

Fuel types, 1009
coal, 1009
electricity, 1009
gas, 1009
oil, 1009

Fungus damage, 353, 354
Furan mortar, 705
Furan resin grout, 706
Furnaces, 1009–1010
Furnace controls, 992
Furnishings, 846–856

sustainability considerations for, 846
window treatment, 853–856
wood casework, 846–853

Furring:
conventional wood framing, 381
gypsum plaster applied over, 662–663
for plaster/gypsum board support, 644–647

Fuses, 1028, 1030
Fusion-bonded carpet, 790
Fusion welding, 307

Gables, 504
Gable rakes, 502
Galvanic corrosion, 274, 275
Galvanized steel:

in metal roofing, 542
priming of, 809
as sheet metals, 536

Gas, 1009
Gaseous discharge lamps, 1045–1046
Gaskets, 631
Gas welding, 283
Gate valves, 935
Gauging plaster, 656, 660
General-purpose circuits, 1038
General-purpose paints, 804
General Services Administration (GSA), 12
Geometric cross-sectional properties, 1130,

1142
GFCI (ground fault circuit interrupter), 1030
Girders, 128

cold-formed metal framing, 295
forming, 78, 80
structural precast concrete, 136
wood, 366, 367
wood frame floors, 363–366

Girder-joist connection, 366–367
Glass, 616–631

flat products, 623–631
coated glass, 627
composite glass, 628–631
decorative glass, 628
float glass, 624–625
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heat-absorbing glass, 627
heat-treated glass, 627–628
standards of quality, 623–624
tinted glass, 625–627
wired glass, 625, 626

manufacture, 618–631
heat/chemical treatments, 622
mixing/melting, 619, 620
processes, 620–622
raw materials, 618–619
surface finishes, 622–623

properties, 617–618
Glass block, 235
Glass fiber insulation, 447
Glass fiber mat, 465–467
Glass-fiber-reinforced concrete, 139–141
Glassmaking processes, 620–622

drawing, 620–621
floating, 621–622
rolling, 621

Glass unit masonry, 231, 235–237
framed/frameless systems, 237
installation, 237
materials, 235, 237

Glazed aluminum curtain walls, 586–593
adjustment/cleaning/protection, 593
design/fabrication, 591–592
finishes, 588
glazing, 592–593
installation, 592
materials, 588, 589
performance requirements/testing,

589–591
air infiltration, 590–591
condensation resistance, 591
sound transmission, 591
structural performance, 590
thermal transmittance, 591
water penetration, 590

standards, 588
supports/anchors/fasteners/flashing, 588,

589
systems, 586–590

column-cover-and-spandrel systems,
587, 590

panel systems, 587, 589
stick systems, 586, 587
unit-and-mullion systems, 587, 588
unit systems, 587, 588

Glazed wall tile, 699, 700
Glazing, 616–634

accessory materials, 631
ceramic, 164
for curtain walls, 592–593
glass, 616–631

flat products, 623–631
manufacture, 618–631
properties, 617–618

for metal windows/doors, 593
plastic materials, 631
selection, 631–634

cleaning/protection, 634
general requirements, 632–633
multiple glazing, 633, 634

plastic glazing, 634
structural silicone-sealant glazing, 633

for wood/plastic windows/sliding doors,
607

Glossary, 1155–1183
Gloss enamels, 802–803
Gloss paint finishes, 802–803
Gluing properties of wood, 324
Gold, 298–299
Gold plating (gilding), 307–308
Grab bars, safety, 25
Grading, 1079, 1080
Granite, 225, 226, 228, 740
Gravel stops, 545
Gravity flow, 941, 942
Gray cast iron, 252
Ground fault circuit interrupter (GFCI), 1030
Grounding, 1041
Ground-supported slabs, 118–123

Type I, 118–121
Type II, 120–122
Type III, 122–123

Ground vehicular traffic, 871
Groundwater, 1083–1084
Grout(s)/grouting, 150–154, 156–157,

705–706
for brick flooring/paving, 735, 736
commercial cement grout, 705
dry-set grout, 705
epoxy grout, 705
furan resin grout, 706
latex grout, 705
materials, 153–154
mixing, 156–157
portland cement, 152
portland cement-lime, 152
properties of, 150–152
sand-portland cement grout, 705
silicone rubber grout, 705
for stone flooring/paving, 740–741
for tile, 709–710
types/uses/proportions, 156

Grout-cleaned finish, 110
GSA (General Services Administration), 12
Guide meridians, 56, 57
Guide specifications, 43
Gutters, 545, 959
Gypsum, 653–655
Gypsum backing board, 673–674
Gypsum board, 670–697

accessory materials, 674–677
application, 678–692

attachment, 678
cracking/ridging precautions, 684–686
measuring/cutting/fitting, 678
multi-ply construction, 680–684
single-ply construction, 678–682
special constructions, 686–692

decorating/redecorating, 697
finish defects, 693–697

cracking/ridging, 696, 697
nail popping, 694–696
shadowing, 696

finishes, 670–697

for fire containment/control, 547, 548
job conditions, 677, 678
joint/fastener treatment, 692–695
manufacture, 671, 672
materials, see Plaster materials
special constructions, 686–692

electric panel heating, 689, 690
fire-resistant construction, 687–688
moisture-resistant construction, 688–690
resurfacing existing construction, 692
self-supporting partitions, 690–692
sound-isolating construction, 686–687
thermal insulating construction, 688

supports for, see Gypsum board supports
sustainability considerations for, 642
types, 671–674

gypsum backing board, 673–674
gypsum formboard, 674
gypsum sheathing, 674
gypsum wallboard, 672, 673

Gypsum board supports, 643–653
flashing, 653
plaster bases, 647–653
support systems, 643–647

Gypsum cementitious underlayment, 143
Gypsum formboard, 674
Gypsum Keene’s cement-lime putty-trowel

plaster, 660
Gypsum Keene’s cement-lime-sand float

plaster, 660
Gypsum Keene’s cement plaster, 656
Gypsum lath, 652–653

fire-resistant lath, 653
foil-backed lath, 653
perforated lath, 652
plain lath, 652

Gypsum-lime putty-trowel plaster, 660
Gypsum plaster, 660–663

application, 660–663
acoustical plasters, 662
composition of coats, 661, 662
methods, 661, 662
over framing/furring, 662–663
specialized partition systems/assemblies,

663
three-coat work, 661
two-coat work, 661
veneer plaster, 662

finishes, 660–663
mixes, 660
as tile backing, 708

Gypsum plaster aggregates, 654–656
Gypsum plaster products, 655–658
Gypsum sheathing, 674
Gypsum wallboard, 672, 673, 708

Handicapped accessible design, 25–29
adaptability, 33–35
electrical, 29
entries/passageways, 27
ramps, 27–28
route, 25
signage, 28–29
site planning, 25–27
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Handicapped accessible design (cont’d)
stairs, 28
surfaces, 29
wheelchair access, 30, 31

Handicapped-access operators, 613
Hand mixing of mortars and grouts, 157
Handrails, 24, 413, 414
Hand tool cleaning, 813
Hardboard board siding, 519–521

application, 520–521
corners, 520, 521
end joints, 520
exterior finishing of, 810
flashing at openings/corners, 521
installation, 520
preparation, 519, 520
types/size, 519, 520

Hardboard panel siding, 521–522
application, 522
corners, 522
materials, 522
preparation, 522

Hard conversion, 1144, 1145
Hardened concrete, placing concrete on, 104
Hardened properties of mortar, 151–152
Hardening rate of mortar, 152
Hardness, 1112

of plastics, 419
water treatment for, 938, 939

Hardware:
adaptable, 33
for aluminum windows/doors, 594–595
for cabinets, 852
for doors, 611–616
for wood/plastic windows/sliding doors,

604–607
Hardwoods, 317, 337, 743–746
Head joints, 213, 215
Headlap, roof, 461, 462
Health considerations, 3–4
Hearing impairment, accessible design for,

30
Hearth, 204
Heat-absorbing glass, 627
Heat and comfort, 975–987

ASHRAE thermal comfort envelope,
983–984

climate/weather conditions, 984–985
degree days/cooling operating hours,

985
outdoor design temperatures, 984–985

design criteria, 984
ASHRAE energy conservation standard,

984
HUD standards, 984

heat transfer methods, 975, 976
conduction, 975, 976
convection, 976
evaporation, 976
radiation, 976

heat transfer through materials, 985–987
conductivity/conductance, 985, 986
heat storage capability of materials, 986,

987

resistance, 986
transmittance, 986

human comfort requirements, 979–983
comfort factors, 980–983
environmental control, 979
interior ventilation, 979, 980

humidity, 976–979
dew point temperature, 978, 979
psychometrics, 978, 979
relative humidity, 977–978
water vapor properties, 976, 977

sensible and latent heat, 975
Heat detectors, 1064
Heat flow, moisture’s effect on, 430
Heat flow rate, 1144
Heat gain, 988–991
Heat generation equipment, 1009–1010

boilers, 1009
chimneys/vent stacks, 1009
fuel types, 1009
furnaces, 1009–1010

Heating, ventilating, and air conditioning
(HVAC), 974–1013

building design recommendations,
987–988

centralized, 1009–1011
commissioning, 991
controls, 991–994
decentralized, 1011–1013
delivery systems, see HVAC delivery

systems
heat and comfort, see Heat and comfort
heat loss/gain, 988–991
sustainability considerations for, 974–975

Heating-cooling equipment, 1010
Heating-cooling systems, 995
Heating-only systems, 995
Heating water, see Water heating
Heat loss and gain, 988–991
Heat measurement, 1143–1144
Heat pumps, 1011–1012
Heat-resistant paints, 804–805
Heat storage capability of materials, 986, 987
Heat strengthening of glass, 622
Heat transfer, 975, 976

conduction, 975, 976
convection, 976
evaporation, 976
radiation, 976
SI units of, 1135–1137

Heat transfer through materials, 985–987
conductivity/conductance, 985, 986
heat storage capability of materials, 986,

987
resistance, 986
transmittance, 986

Heat-treatable aluminum alloys, 270, 272
Heat-treated glass, 627–628
Heavy timber framing, 404, 405
HID lamps, see High intensity discharge

lamps
High-build acrylic resin coatings, 819–820
High-build latex coatings, 820
High-fired ceramic glazing, 164

High intensity discharge (HID) lamps,
1045–1046

High polymers, 415–416
High-strength, low-alloy steels, 258–259
Hinges, 613, 615
Hips:

and asphalt shingles, 479
and mineral-fiber-cement shingles, 490, 491
and wood shingles/shakes, 502–504

Holeless oil hydraulic elevators, 910–911
Hollow brick, 172, 173
Hollow masonry units, 168–172, 215
Hollow partitions, 662, 663, 691–692
Horizontal shear, 324
Hot and chilled water systems, 1003
Hot and cold rolling of aluminum, 276, 277
Hot-applied bituminous dampproofing,

442–443
Hot-applied sealants, 551
Hot dipping, 306
Hot forming of iron and steel, 268
Hot phosphate treatments, 815
Hot rolling/cold finishing of wrought steel,

261–268
bars, 267
plates, 263, 264
sheet/strip, 263
structural shapes, 264–267
tubular products, 267–268
wire, 267

Hot water radiant heaters, 1013
Hot water systems, 1001, 1003
House paints, 804
House sewer, 940
Housing and Urban Development (HUD), see

Department of Housing and Urban
Development

HUD standards, 984
Human comfort requirements, 979–983

comfort factors, 980–983
defects in using ET as comfort index,

983
effective temperature, 981
operative temperature, 981
summer comfort, 982, 983
winter comfort, 981–982

environmental control, 979
interior ventilation, 979, 980

Humidity, 976–979
dew point temperature, 978, 979
psychometrics, 978, 979
relative humidity, 977–978
water vapor properties, 976, 977

Humidity controls, 1013
Hung metal suspension systems, 723–726, 728
HVAC, see Heating, ventilating, and air

conditioning
HVAC controls, 991–994

operating controls, 991, 992
smoke/fire controls, 994
sound controls, 992–994

HVAC delivery systems, 994–1009
classification by delivery mode, 995–1004

air-water systems, 1004
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all-air HVAC systems, 995–1004
all-water systems, 1001, 1003
direct refrigerant HVAC systems, 1004
electric heating systems, 1004
steam systems, 1004

classification by use, 995
cooling-only systems, 995
heating-cooling systems, 995
heating-only systems, 995

solar heating/cooling systems, 1004–1009
active solar heating systems, 1004–1005
passive solar heating systems,

1005–1009
Hydrated lime, 153, 659–660, 706
Hydraulic elevators, 910–911
Hygroscopic expansion and contraction, 346,

347

ICC (International Code Council), 19
IIC, see Impact Insulation Class
Impact Insulation Class (IIC), 869–870
Impact load resistance, 346
Impact Noise Rating (INR), 869
Impact strength, 1112
Incandescent lamps, 1045
Inclined wheelchair lifts, 915
Indication lights, 30
Indirect gain passive solar heating systems,

1007–1008
Induction furnace, 254
Induction units, 1012–1013
Industrial codes, 15
Industry standards, 8–14

European, 13–14
federal government, 11–13

DOC, 11–12
GSA, 12
HUD, 12–13
military agencies, 12

objectives of, 9
private industry, 9–11

standards-setting/testing agencies,
10–11

trade associations, 9–10
types, 9

design, 9
material, 9
product, 9
test method, 9
workmanship, 9

uses of, 9
Inert-gas-shielded arc welding, 283, 284
Ingots, 255
Inground oil hydraulic elevators, 910
Inorganic finishes, 305–310

anodic coatings on aluminum, 308–310
laminated finishes on metal, 308
metallic finishes, 305–308
vitreous finishes on metal, 308

INR (Impact Noise Rating), 869
Insect damage, 331, 353, 354
Insulated doors, 566
Insulated substrates, 523
Insulating boards, 437

Insulating glass, 630–631
Insulation:

EIFS, 458
roof, 523–524
thermal, see Thermal insulation

Integral-color anodizing, 309
Integrated ceilings, acoustical, 729–730
Intercommunication systems, 1054–1055
Interconnected locks, 612
Interior area detectors, 1062, 1063

audio detector, 1063
floor mat detector, 1063
microwave system, 1063
photoelectric/infrared systems, 1062
sonic system, 1063
ultrasonic motion detector, 1062, 1063

Interior extruded frames, 584
Interior heat gain/loss devices, 854–856

blinds, 855
roll shades, 855
thermal drapes, 855, 856
thermal shutters, 855

Interior lighting, 1046–1049
Interior planning, 873–875
Interior plywood, 340, 343
Interior primers, 801
Interior sliding doors, 573
Interior topcoat paints, 802–803

flat finishes, 803
gloss finishes, 802–803
semigloss finishes, 803

Interior ventilation, 979, 980
Interlayment, 499
Interlocking insulated panels, 541
Internal friction, 1069
International Code Council (ICC), 19
International System of Units (SI),

1120–1128
acoustics, 1140–1141
adoption, 1120, 1121
calculations in customary units and SI,

1141
conversion factors, 1146–1148
conversion tables, 1149–1152
for design/construction, 1125, 1127,

1129–1144
area, 1129
dimensionless quantities, 1144
electrical engineering, 1144
energy/work/quantity of heat,

1143–1144
geometric cross-sectional properties,

1130, 1142
lighting units, 1144
linear measurement, 1127, 1129, 1141,

1142
mass/weight/force, 1142, 1143
plane angle, 1130
power and heat flow rate, 1144
pressure/stress/modulus of elasticity,

1142, 1143
speed of rotation, 1144
temperature, 1141–1143
time intervals, 1130, 1141

velocity, 1144
volume/fluid capacity, 1129

drawing scales, 1142
electricity/magnetism, 1137–1139
fraction/decimal/metric equivalents, 1145
geometry/kinematics/periodic phenomena,

1131–1133
lighting, 1139–1140
mechanics/statics/dynamics, 1133–1135
rules/recommendations for use of,

1124–1129
numerical values presentation,

1128–1129
preferred range of values, 1125
writing unit symbols, 1124, 1125

structure of, 1120–1126
abandoned metric units, 1124
base units, 1120, 1122–1124
derived units, 1122–1125
non-SI units for use with SI, 1124, 1126
special names, 1124, 1125
supplementary units, 1123

technical definitions, 1124
temperature equivalents, 1143
thermal effects/heat transfer, 1135–1137

Intrusion prevention and detection,
1058–1063

access controls, 1059–1060
detection systems, 1060–1063
site planning, 1059

Intumescent coatings, 548, 805
Ions, 1105
Ionic bonding, 1107, 1108
Ionization detectors, 1063–1064
Iron and steel materials and products,

248–269
history, 248
manufacture, 260–269

cast steel products, 260, 261
fabrication, 268–269
wrought steel products, 261–268

properties, 255–260
alloy steels, 258
carbon steels, 256–258
cast iron, 255, 256
high-strength, low-alloy steels, 258–259
stainless/heat-resisting steel, 259–260

raw materials, 248–256
iron making, 251–252
mining/processing, 249–251
steelmaking, 252–256

Iron making, 251–252
Iron ores, 249–250
Isolated footings, 116
Isolated gain passive solar heating systems,

1008
Isolated gain systems, 1008
Isolation joints, 91, 92

Joints:
bed joints, 212–215
concrete, 90–93
and flashing, 539–540
flush joints, 692–694
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Joints (cont’d)
gypsum board, 692–694
head joints, 213, 215
in metal assemblies, see Metal assembly

joints and connections
in metal roofing, 543
reinforcement of, 157–159
in single-ply membrane roofs, 533–534
types of, 552

Joint backings, 551–552
Joint compounds for gypsum board, 676–677
Joint design, 552–553

joint movement, 552
joint types, 552
procedure, 552–553

Joint fillers, 551–552
Joint finishing in masonry unit erection,

216–217
Joint flashing strips, 507, 508
Jointing, 106
Joint inserts, concrete, 89–90
Joint movement, 552
Joint protection, 549–554

accessory materials, 551–552
building sealants, 549–551
design, joint, 552–553
installation, 553–554
paving joint sealants, 551
sealant selection, 553

Joint taping and finishing, 676–677, 692–694
Joists:

precut, 295
steel, 292
wood frame floors, 367–373

Joist-and-rafter roofs, 377–380
Joist girders, 292
Joist roofs, 380, 381

Key-in-knob locks, 611–612
Key-in-lever locks, 612
Keystone finish, 109, 110
Kiln-dried lumber, 327
Kitchenettes, 841–843
Kitchens:

adaptable, 34–35
in barrier-free design, 34–35
for elderly users, 33
lighting for, 1049
outlets in, 1037
safety, 25
for wheelchair users, 32

Knifing, 763, 764
Knitted carpet, 789, 790
Knots, 318, 331

Labels for unauthorized entry prevention,
1062

Lacquer, 806
Laminated block flooring, 750
Laminated finishes on metal, 308
Laminated glass, 628–630
Laminated timber framing, 405
Laminating adhesives, 676
Landings, stair, 24

Landscaping, 1090–1094
and intrusion prevention/detection, 1059
lawns, 1092, 1093
planning requirements, 1090, 1091
soil, 1093–1094
sustainability considerations for, 1090
trees/shrubs, 1090–1093

Land surveys and descriptions, 54–60
legal descriptions, 58–60
meridians and base lines, 55–58
metes and bounds system, 55
rectangular system, 55–58

Lap cements, 468
Lap siding, 519, 520
Lateral displacement, soil, 1071
Lateral support, 197–198
Latex adhesive, 760
Latex-emulsion sealants, 551
Latex flat wall paint, 803
Latex floor paints, 803
Latex grout, 705
Latex house and trim paints, 804
Latex inhibitive primers, 802
Latex paints, 804
Latex-portland cement mortar, 704–705
Latex primers and primer-sealers, 801
Latex underlayment, 758
Lath, fire-resistant, 653
Laundry trays, 960–961
Lavatories, 960
Lawns, 1092, 1093
Lead, 298, 536, 542
Lead-coated copper, 307
Leadership in Energy and Environmental

Design, see LEED program
Leadership in Energy and Environmental

Design program, see LEED program
Lead metal roofing, 542, 543
LEED (Leadership in Energy and

Environmental Design) program, 35–37
energy/atmosphere, 36
indoor environmental quality, 37
innovation & design process, 37
materials/resources, 37
sustainable sites, 36
water efficiency, 36

Legal descriptions of land, 58–60
in metes and bounds, 58, 59
recorded plat, 60
in rectangular system, 59
reference to recorded plat, 59
uncertainties, 59–60

Legislation for barrier-free-design, 23–24
Leveling, concrete, 106
Levelness (of concrete slabs), 124–125
Life cycle of building, 35, 38
Life Safety Code, 21
Lifts, 914–915
Lights:

timer-controlled, 1062
for warning and indication, 30

Light controls, 1046
Lighting, 1045–1050

accessibility, 26

controls for, 1046
design of, 1046–1050
fixture types, 1045–1046
and integrated acoustical ceilings, 729
safety, 25
SI units of, 1139–1140

Lighting outlets, 1035
Lighting unit measurement, 1144
Lightning, 1019–1020, 1043
Lightning protection systems, 1043–1045
Lightweight aggregates, 655
Lightweight structural concrete slabs,

107–108
Lime, 659–660
Limestone, 224, 225, 227–229, 740
Linear measurement, 1127, 1129, 1141, 1142
Lining felt, 758
Linoleum, 753
Linoleum paste, 759
Linseed oil, 806
Lintels, 199–200
Live loads, 114
Loads, foundation, 114, 115
Load-bearing elements, 1085–1087
Load-bearing walls, 199, 359
Load resistance, 346
Locker rooms, 24–25
Locks, door, 611–613
Logging practice, 325, 326
Loose fill insulation, 448
Loose laid roofing, 532
Loudness, 861
Low-fired ceramic glazing, 164
Low-voltage circuits, 1041–1042
Lumber, 325–337

for framing, 363
hardwood, 337
manufacturing characteristics, 331–333
manufacturing process, 325–329
marketing and measure, 329–330
natural characteristics, 330, 331
quality, 330–333
softwood, 333–337

Machine mixing of mortars and grouts, 157
Magnesium, 809
Magnetism, 1137–1139
Malleable cast iron, 252
Manganese, 251
Manual, project, see Project manual
Maple, 747, 748
Marble, 225, 228, 740
Marine plywood, 345
Masonry, 147–239

clay masonry units, see Clay masonry units
concrete masonry units, see Concrete

masonry units
design considerations for, see Masonry

unit design
erection, unit, see Masonry unit erection
exterior finishing of, 810
exterior priming of, 809
flashing, 160
glass unit, 231, 235–237
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grouts, see Grout(s)/grouting
and gypsum board, 680, 682
history of, 148–149
installation, see Masonry unit installation
joint reinforcement, 157–160
mortars, see Mortar(s)
paints for, 801, 802
for plaster bases, 648–649
for plaster/gypsum board support, 644
reinforcement/ties/anchors, 157–160
stone, see Stone

Masonry and plastic cement mixes, 664
Masonry cavity insulation, 457
Masonry cement, 153, 658
Masonry cement mortars, 152–153
Masonry enamels, 804
Masonry paint, 804
Masonry stains, 820–821
Masonry unit design, 183–205

chimneys, 204–205
crack control, 192–195
fireplaces, 201–205
fire resistance, 201
lintels/arches, 199–200
moisture control, 192
pattern bonds, 190–192
piers/pilasters, 200, 201
walls, see Masonry walls

Masonry unit erection, 205–223
architectural terra cotta installation, 223
backparging, 215–216
bonding, 209–212
cleaning masonry, 221–223
continuous joint reinforcement, 212
flashing, 217–219
installation, see Masonry unit installation
joint finishing, 216–217
laying, 207–209
mortar bedding/jointing, 212–215
parging/dampproofing, 220
pointing, 221
preparation of materials, 205–206
protection during construction, 220–221
support for structural members, 212
terra cotta, architectural, 223
weep holes, 217, 219–220

Masonry unit installation, 206–220
backparging, 215–216
bonding/anchoring, 209–212
clay masonry positioning, 206–207
concrete masonry positioning, 207
continuous joint reinforcement, 212
flashing, 217–219
joint finishing, 216–217
laying, 207–209
mortar bedding/jointing, 212–215
support for structural members, 212
weep holes, 217, 219–220

Masonry walls, 184–190
capacity insulation of, 454
cavity walls, 187–188
properties of, 236–239
reinforced walls, 190
solid walls, 185–187

structure of, 195–199
compressive strength, 195, 196
flashing, effect of, 197
lateral support, 197–198
thicknesses/heights/lengths, 198–199
transverse strength, 196, 197

thermal insulation of, 452–454
types, 184, 185
veneered walls, 188–190

Mass, 1142, 1143
MasterFormat, 41
Mastic underlayment, 758
Mat, glass fiber, 465
Mat moisture and bonding test, 762
Mat and raft foundations, 117
Materials Bulletins, HUD, 13
Materials measurement, 100–101
Material standards, 9
Matter, 1104–1114

properties of, 1109–1114
chemical, 1114
electrical, 1114
mechanical, 1109–1112
thermal, 1112–1114

structure of, 1104–1109
bonding, 1105, 1107–1108
builiding blocks, 1104–1107

Measurement systems, 1118–1153
conversion of numerical values,

1144–1148
exact conversion, 1144–1148
hard conversion, 1144, 1145
rationalization, 1145, 1148
soft conversion, 1144

history of, 1118–1119
noses/thumbs/barleycorns, 1118–1119
number systems in current use, 1119

International System of Units, 1120–1128
adoption, 1120, 1121
for design/construction, 1125, 1127,

1129–1144
recommendations for use of, 1124–1128
structure of, 1120–1126

metric conversions, 1149–1153
metric system, 1119, 1120
preferred dimensions/coordination, 1148,

1153
advantages of, 1148, 1153
100-mm module, 1153

Mechanical cleaning, 302
Mechanical equipment, 374, 375
Mechanical fastenings in metal assemblies,

278–280
adhesive-held fasteners, 280
bolting, 278–279
expansion bolts, 280
powder-actuated fastening, 279
riveting, 278
special fasteners, 280
stitching, 279
threaded fasteners/nails, 279–280
welded studs, 279

Mechanical finishes, 299–302
on ferrous metals, 299–300

on nonferrous metals, 300–302
Mechanically fastened systems, 532, 533
Mechanically formed joints, 280–281
Mechanical properties of matter, 1109–1112

damping capacity, 1112
fatigue resistance, 1112
hardness, 1112
impact strength/toughness, 1112
stress and strain, 1109
stress-strain test, 1109–1112

Mechanical systems:
and air plenum systems, 999–1004
and sound control, 877

Mechanical treatments, 813–814
blast cleaning, 813–814
flame cleaning, 813
hand tool cleaning, 813
power tool cleaning, 813

Melamines, 423
Melting temperature, 1112–1113
Membrane roofing, 522–534

built-up, 526–530
flashing, 524, 525
insulation, 523–524
roll roofing, 525–527
roof configurations, 522
selection, 523
single-ply, 528, 529, 531–535
standards of quality, 471
substrates, 523
warranties and maintenance agreements,

522–523
Membrane waterproofing, 443–445

bituminous, 444
fluid-applied, 444
installation of, 444, 445
protection course for, 445
sheet, 444

Mental impairment, 30
Meridians and base lines, 55–58
Metal(s), 245–310

aluminum materials/products, see
Aluminum

chromium, 298
cold-formed metal framing, 294–296
copper/copper alloys, 296–298
exterior finishing of, 810
exterior priming of, 809–810
finishes, see Metal finishes
gold, 298–299
iron/steel materials/products, see Iron and

steel materials and products
joints/connections in metal assemblies,

278–286
joists/girders/trusses of, 292
lead, 298
nickel, 298
steel decking, 292–294
structural steel framing, 286–292
sustainability considerations for, 247
tin, 298
zinc, 298

Metal acoustical ceiling materials, 723, 724,
729
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Metal assembly joints and connections,
278–286

adhesive bonding, 285, 286
mechanical fastenings, 278–280
mechanically formed joints, 280–281
welding/brazing/soldering, 281–285

Metal-clad cable, 1031
Metal doors and frames, 564–570

carbon steel doors, 565–567
carbon steel frames, 566, 568
copper-alloy, 568
formed frames/doors, 568–570
general requirements, 564–565
installation, 568–570
stainless steel, 568

Metal finishes, 299–310
aluminum, 303–304
chemical finishes on/for, 303–304
classifications, 299
copper, 304
ferrous metals, 299–300
inorganic finishes, 305–310
nonferrous metals, 300–302
organic coatings, 304–305
sustainability considerations for, 247

Metal framing:
for gypsum board, 680, 683
for plaster/gypsum board support, 644–647
and sound control, 881–882

Metal furring, 645–647
Metalizing, 306
Metallic bonding, 1108
Metallic finishes, 305–308
Metal pretreatments, 815–816
Metal reinforcement:

for plaster bases, 649–652
portland-cement-plaster crack control, 669
for tiling, 706–707

Metal roofing, 540–545
exterior finishing of, 811
finishes, 542
installation, 542–545
materials, 541–542
systems, 540, 541
types, 541

Metal-tied multiple-wythe walls, 211–212
Metal-tied single-wythe walls, 210–211
Metal windows and sliding glass doors,

593–600
aluminum, 593–599
general requirements, 593
installation, 600
steel, 599–600

Metes and bounds, 55, 58, 59
Methylmethyacrylate, 783–784
Metric system, 1119, 1120
Microwave ovens, 839
Microwave system, 1063
Military agencies, 12
Milling, 227
Mineral fiberboard, 547, 548
Mineral-fiber-cement shingles, 487–492,

506–511
exterior finishing of, 810

materials, 487, 506–507
reroofing existing roofs, 491–492
roof application, 488–491
roof preparation, 487–489
siding application, 507–511
siding preparation, 507, 508

Mineral fiber insulation, 447–448
Mineral stabilizers, 466
Mineral surfacing, 467
Minimum Property Standards, HUD, 13
Mining and processing, 249–251

alloy ores, 250, 251
aluminum, 270, 271
fluxes, 250
iron ores, 249–250
refractories, 250, 251

Mitered finish, 520
Mixing:

of concrete masonry units, 177
of mortars/grouts, 156–157

Modacrylics, carpet, 792, 793
Model building codes, 19–21

ICC, 19
Life Safety Code, 21
National Building Code, 19, 20
National Electrical Code, 21
National Standard Plumbing Code, 21
One- and Two-Family Dwelling Code, 21
Standard Building Code, 20–21
Uniform Building Code, 20–21
Uniform Plumbing and Uniform

Mechanical Codes, 21
Modified contact adhesives, 676
Modifiers, plastics, 417–418
Modulus of elasticity, 1142, 1143

of concrete masonry units, 178
of wood and wood products, 324

Moisture content, 319, 321–322
Moisture content control, 355
Moisture control, 429–445

adsorption/absorption, 429–430
of concrete slabs, 124
condensation causes/prevention, 431–435
design/construction recommendations,

435–442
for masonry units, 192
water vapor, 429–431

Moisture protection. See also Thermal
protection

control, moisture, 429–445
dampproofing, 442–443
flashing/sheet metal, 534–540
joint protection, 549–554
membrane roofing, see Membrane roofing
metal roofing, 540–545
roof accessories, 545–546
roof specialties, 545
siding, see Siding
steep-slope roofing, see Steep-slope

roofing
sustainability considerations for, 428
waterproofing, 443–445
weather barriers, 459–460

Moisture-resistant construction, 688–690

Molds, 331, 353
Molding, 177, 412–413
Molding plaster, 657, 660
Molecules, 1105
Molybdenum, 251
Mortar(s), 150–157

aggregate gradations, 153–154
for brick flooring/paving, 735, 736
for glass unit masonry, 237
masonry cement, 152–153
materials, 153–154
mixing, 156–157
portland cement, 152
portland cement-lime, 152
properties of, 150–152
proportions of, 156
retempering, 157
retempering of, 157
sand-lime, 152
for stone flooring/paving, 740–741
for tile roofing, 484
types of, 154–156
uses of, 155–156

cavity walls, 155
different mortars in same joint, 156
dirt resistance, 155
facing tile, 155
tuck pointing, 155–156

Mortar bedding and jointing, 212–215
Mortared brick flooring and paving, 736
Mortar joints, 237
Mortarless brick flooring and paving, 736
Mortar stains, 222
Mortise locks, 612
Movable partitions, 692
Moving walks, 916
Multioutlet assembly, 1034
Multiple glazing, 633, 634
Multiple reflection, 862
Multiple-unit shingles, 489
Multiple-wythe walls, 209–212
Multi-ply construction gypsum board,

680–684

NAHB Research Center, 11
Nails:

for asphalt shingles, 477
for gypsum board, 674–675
loose, 695–696
in metal assemblies, 279–280
for mineral-fiber-cement shingles, 487,

507
for roofing, 464, 465
for siding, 506
for wood/hardboard board siding, 520
for wood shingles/shakes, 497, 498, 512,

513
Nailable substrates, 523
Nailing:

for asphalt shingles, 478–479
for gypsum board, 679–681
and nail popping, 695–696
for wood framing, 361
for wood shingles/shakes, 501, 503, 504
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Nail popping, 694–696
National Association of Home Builders

(NAHB), 11
National Building Code, 19, 20
National Conference of States on Building

Codes and Standards (NCSBCS), 22
National Electrical Code, 21
National energy codes, 21–22
National Fire Protection Association (NFPA),

11
National Institute of Building Sciences

(NIBS), 22
National Standard Plumbing Code, 21
Natural decay resistance, 355
Natural finishes, 300, 301
NCSBCS (National Conference of States on

Building Codes and Standards), 22
NC wired systems, 1061
Neat plaster, 656, 660
Neat portland cement, 703
Needlepunched carpet, 790
Negotiation, contract, 43, 44
NIBS (National Institute of Building

Sciences), 22
Nickel, 251, 298
Noise, 861, 870–873
Noise barriers, 872, 873
Noise reduction, 862–865
Nondirectional textured mechanical finishes,

302
Nonetched cleaned aluminum, 303
Nonetched cleaned copper and copper alloys,

304
Nonferrous metals:

adhesive bonding, 285, 286
mechanical finishes on, 300–302
welding, 284–285

Non-heat-treatable aluminum alloys, 272
Non-load-bearing walls, 199
Nonmetallic conduit, 1032
Nonmetallic sheathed cable, 1031
Non-pressure-treated wood, 356, 357
Nonproblem soils, 1071–1072
Nonveneer panels, 353
Nonvulcanized elastomers, 529, 531
Nosings, 24, 756, 770, 771
NO wired systems, 1061
Number systems, 1119
Nylons, 421, 422, 792

Oak, 747, 748
Occupant health considerations, 3–4
Octaves, 860
Odor, unpleasant, 939
Ohm’s law, 1023
Oil, 1009
Oil and oleoresinous flat paints, 803
Oil-based caulking compound, 551
Oil-base paints, 803–804
Oil-borne wood preservative, 355–356
“Oil canning,” 544, 545
Oil hydraulic elevators, 910–911
Oil/oleoresinous flat paints, 803
Oil primers, 801, 802

Oleoresinous paints, 804
One- and Two-Family Dwelling Code, 21
100-mm building module, 1153
One-way slabs, 129–131
Opaque coatings, 305, 805
Open-die forging, 261, 262
Open hearth process, 253–254
Openings:

floor, 373
wall, 538

Operative temperature, 981
Organic adhesive, 705
Organic coatings, 304–305
Organic fiber insulation, 447
Organization of spaces, 26, 27, 30
Outdoor design temperatures, 984–985
Outlets, electrical, 1034–1037
Overlaid plywood, 344–345
Overlay drafting, 40
Overload protection devices, 1028, 1030
Overturning forces, 360

Packaged direct refrigeration units, 1011
Padlocks, 612
Paint(s):

alkali-resistant, 805
on aluminum, 305
on ferrous metal, 304–305
fire-retardant, 805
as vapor retarders, 437

Painting, 800–818
application, 811–818

conditioning/mixing, 811–812
materials handling, 811
paint application, 817–818
surface preparation, 812–816
surface repair, 816, 817

materials, 800–806
exterior primers, 801–802
exterior topcoat, 803–805
interior primers, 801
interior topcoat, 802–803
opaque coatings, 805
transparent finishes, 805–806

surfaces, 806–811
exterior finishing, 810–811
exterior priming, 809–810
interior floors, 808
interior trim/paneling, 808
interior walls/ceilings, 806–808

sustainability considerations for, 643
Paint removers, 815
Panel grades of plywood, 344
Paneling, 345, 413, 414, 808
Panelized assemblies, 384–386
Panel systems, curtain-wall, 587, 589
Parging, 220
Parking, 25
Parquet flooring, 749–750
Partitions:

in conventional wood framing, 375–376
plaster, 662, 663
self-supporting gypsum, 690–692

Passageways, 27, 30, 31

Passenger elevators, 911–912
Passive solar cooling systems, 1008
Passive solar heating systems, 1005–1009

building envelope, 1006
collection, 1006–1007
direct gain systems, 1007
history, 1005–1006
indirect gain systems, 1007–1008
isolated gain systems, –1008
properties, 1006
storage, 1007

Pattern bonds, masonry, 190–192
Patterned mechanical finishes, 302
Paver tile, 702, 703
Paving, 734–737
Paving joint sealants, 551
Penetrating sealers, 820–821
Perceptual impairment, 30
Percolation tests, 948, 949
Perforated lath, 652
Performance-rated panels, 344
Perimeter intrusion detection, 1060–1061
Perimeter systems, 996
Perlite, 655
Perlite insulation, 447, 448
Permanent forms, 76, 133
Permanent-mold castings, 277
Permanent wood foundation systems, 357–360
Permeability, vapor, 430, 459
Permeance, vapor, 430–431
Phenolic-based foam, 449
Phenolic insulation, 447
Phenolics, 423
Photoelectric detectors, 1064
Photoelectric/infrared systems, 1062
Pickling, 815
Piers, 126, 127, 200, 201
Pigtailing, 1035
Pilaster concrete blocks, 182
Pilasters, 126, 127, 200, 201
Piles, 117, 118, 1085–1086
Pile fibers, 791–793, 797
Pipes:

central HVAC, 1011
for DWV system, 944–945
roof drainage, 959–960
sound control for, 967–969
for water supply, 931–934

Pitch (sound), 860
Pitch of roof, 460, 461
Pitch pockets, 318, 331
Plain lath, 652
Plane angle, 1130
Planing mill, 328, 329
Plank-and-beam systems, 400–405
Plank flooring, 748–749
Plants, 545–546
Plant-cast units, 135
Planting strips, 26
Plaster:

for fire containment/control, 547
gypsum, 660–663
portland cement, 663–670
sustainability considerations for, 642
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Plaster bases, 647–653
accessories, 651
backing paper, 652
concrete/masonry, 648–649
gypsum lath, 652–653
reinforcement, 649–652
veneer, 653

Plaster materials, 653–660
admixtures, 660
gypsum, 653–655
gypsum plaster aggregates, 654–656
gypsum plaster products, 655–658
lime, 659–660
portland cement plaster, 658–659
water, 660

Plaster supports, 643–653
flashing, 653
plaster bases, 647–653
support systems, 643–647

Plastics, 414–424
composition of, 415–418
modifiers, 417–418
molecular structure, 415–417
properties, 418–420
thermal properties, 419–420
thermoplastics, 420–423
thermosets, 423–424

Plastic cements, 658
Plastic deformation, 1109
Plastic doors, see Wood and plastic doors
Plastic glazing, 631, 634
Plasticity, 1069
Plasticizers, 417–418
Plastic-laminate-clad cabinets, 851
Plastic laminate countertops, 852, 853
Plastic properties of mortar, 150–151
Plastic roofing cement, 468
Plastic windows, see Wood and plastic

windows and sliding glass doors
Plates:

aluminum, 276
iron and steel, 263, 264
wrought steel, 263, 264

Plugs, electrical, 1033, 1034
Plumbing, 924–969

and air plenum systems, 999
codes/laws/industry standards, 925–927
drainage, see Drainage
fixtures, see Plumbing fixtures
separation of systems, 966, 967
and sound control, 877, 967–969
sustainability considerations for, 924–925
water supply, see Water supply

Plumbing fixtures, 960–967
bathtubs, 964–965
bidets, 964
drinking fountains, 966
faucets, 961
lavatories, 960
showers, 965–966
sinks/laundry trays, 960–961
sound control for, 969
urinals, 964
water closets, 961–964

Ply count, 528
Ply sheets, 528
Plywood(s), 337–353

APA—The Engineered Wood Association,
347–348

construction plywood, 337–348
exposure durability, 340, 343
grades, 343–344
manufacture, 338–339
performance-rated panels, 344
physical/mechanical properties,

346–348
sizes, 345–347
specialty plywoods, 344–345
standards of quality, 339–346
wood species, 339, 340, 343

decorative plywood, 348–353
general classifications, 351–353
manufacture, 348–351

priming of, 809
properties of, 346–348

bending strength/stiffness, 346
checking, 347
dimensional stability, 346
durability, 346
fire/decay resistance, 348
hygroscopic expansion/contraction, 346,

347
impact/concentrated load resistance, 346
racking resistance, 346
thermal expansion, 347
warp, 347
workability, 348

specialty plywoods, 344–345
concrete form panels, 345
marine plywood, 345
overlaid plywood, 344–345
paneling, 345
tongue-and-groove panels, 345

as tile backing, 708
Plywood panel siding, 521–522

application, 522
corners, 522
materials, 521–522
preparation, 522

Plywood underlayment, 392–394
Pneumatic processes, 254–256
Pole construction, wood, see Wood pole

construction
Pole-frame buildings, 408–410
Pole-platform buildings, 409, 411
Pole seating, 410, 412
Polycarbonates, 421
Polyesters, 423, 793
Polyethylene, 421, 422
Polyisocyanurate foam, 449
Polyisocyanurate insulation, 447
Polymer-modified bitumen, 531
Polymer-modified waterproofing cement

coatings, 820
Polypropylene, 422
Polypropylene olefin, 793
Polystyrene, 422
Polystyrene insulation, 446

Polysulfide sealants, 550
Polyurethane, 784, 806
Polyurethanes, 423–424
Polyurethane foam, 531
Polyurethane insulation, 446, 447
Polyvinyl acetate underlayment, 758
Ponding, 112
Portland blast-furnace slag cement, 72
Portland cement, 70–72, 100, 153
Portland cement-lime mortars and grouts,

152
Portland cement mixes, 664, 665
Portland cement mortars and grouts, 152,

703, 704
Portland cement paints, 802
Portland cement plaster, 658–659, 663–670

aggregates, 658–659
application, 665–667
cementitious materials, 658
crack control, 668–670
curing, 667–668
finishes, 663–670
general requirements, 663, 664
mixes, 664, 665
surface finishes, 670

Portland-cement powder paints, 805
Portland-pozzolan cement, 72
Posts, in wood frame floors, 363–366
Post-and-beam systems, 399–400
Post-and-girder support, 359, 360
Postconstruction services, 2
Post-tensioning:

of concrete beams, 129
of flat-plate concrete slabs, 133, 134
of precast concrete, 139

Poured-in-place gypsum concrete roof decks,
141–142

Poured wool insulation, 448
Powder-actuated fastening, 279
Power, electric, 1022–1023, 1025, 1144
Power tool cleaning, 813
Precast concrete, 134–140

architectural, 138–140
plant-cast units, 135
prestressing/post-tensioning, 139
site-cast units, 134–135
structural, 135–138

Precut joists and rafters, 295
Predecorated wallboard, 672, 673
Predesign services, 2
Preengineered buildings, 291, 292
Prefabricated structural insulating roof decks,

142, 143
“Preferred dimensions and coordination,”

1148, 1153
Preformed foam sealants, 551
Preformed metal roofing, 540, 541, 544
Preframed panels, 388
Prepared finish coat, 658
Prepared gypsum finish plaster, 656, 660
Preservative treatment, 360
Pressure, 1142, 1143
Pressure-treated wood, 356
Pressure valve units, 962
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Prestressing, concrete, 139
Primary electric distribution, 1100
Primers, 468, 470, 801–802
Primer-sealers, 801
Primer test, 762
Priming:

ceilings, 806–807
exterior priming, 809–810
fluid-applied flooring, 785
interior walls, 806–807
paneling, 808

Principal meridians, 56
Private industry standards, 9–11

standards-setting/testing agencies, 10–11
ANSI, 10
ASHRAE, 11
ASTM International, 10
NAHB Research Center, 11
NFPA, 11
UL, 10–11

trade associations, 9–10
certification, 10
standards as base for other standards, 10
standards-setting, 9

Problem soils, 1072
Procedure, 552–553
Product standards, 9
Product Standards (PS), 11–12
Project cash flow, 48
Project delivery systems, 38–39
Projections:

architectural, 854
floor, 373, 374
and visual impairment, 30

Project manual, 40–43
bidding/contracting requirements, 42
concept/contents, 41
CSI, 41–42
guide specifications, 43
specifications, 42–43

Properties of matter, 1109–1114
chemical, 1114
electrical, 1114
mechanical, 1109–1112

damping capacity, 1112
fatigue resistance, 1112
hardness, 1112
impact strength/toughness, 1112
stress/strain, 1109
stress-strain test, 1109–1112

thermal, 1112–1114
conductivity, thermal, 1113
expansion, thermal, 1113, 1114
melting temperature, 1112–1113

Proportioning mixes, 668
Protruding objects and safety, 25
PS, see Product Standards
Psychometrics, 978, 979
Public sewage disposal system, 1097–1098
Puddling, 104

Quality of tone, 860
Quality-safety glazing, certification of, 624
Quarrying, 226–229

Quarry tile, 702, 703
Quicklime, 153, 659
Quick-setting asphalt adhesive cement, 468

Raceways, 1031–1033, 1039, 1040
Racking resistance, 346
Radiant heating units, 1013
Radiation, 976
Radiators, 1012
Radio, 1055
Radio-frequency wireless systems, 1061
Rafters, precut, 295
Rails, 412–413
Ramps, 27–28
Ranges (oven), 837, 838
Rationalization, 1145, 1148
Ready-mixed concrete, 101
Ready-mixed plaster, 656, 660
Recorded plat, 59, 60
Rectangular system, 55–58

base lines, 56
correction lines, 56
division of sections, 58
fractional sections, 57–58
guide meridians, 56, 57
legal descriptions in, 59
principal meridians, 56
sections, 57
township and range lines, 56, 57

Recycling aluminum, 270, 271
Red lead in oil, 802
Red lead/mixed pigment, 802
Reducing strips, 756, 757
Reduction, aluminum, 270, 271
Reduction of voids, soil, 1071
Redwood region, 333
Reference to recorded plat, 59
Refining, aluminum, 270
Reflection of sound, 862–864
Reflective coatings, 623
Reflective insulation, 449
Reflectivity, 976
Reforestation, 328, 329
Refractories, 250, 251
Refrigeration cycle, 1010
Refrigerators, 837, 839
Reglets, concrete, 90
Regular core wallboard, 672
Reinforced concrete, 81–88

design/placement, 83, 84, 86–88
materials, 82–85
purpose, 82

Reinforced footings, 117
Reinforced walls, 190, 211
Reinforcement:

in masonry, 157–160
synthetic fiber, 76

Reinforcing agents, 418
Reinforcing bars, 82, 83
Relative humidity, 977–978
Relative humidity test, 762
Remixing concrete, 101
Residential appliances, 837–841

ADA considerations for, 837

air conditioning units, 841
cooktops, 838
dishwashers, 839, 840
exhaust hoods, 838, 839
freezers, 839, 840
microwave ovens, 839
ranges, 838
refrigerator/freezers, 839
standards, 837–838
sustainability considerations for, 836–837
unit kitchens, 841–843
wall ovens, 838
washers/dryers, 840–841

Residential codes, 15
Resilient flooring, 751–771

accessories, 755–757, 770, 771
stair treads/risers/nosings, 756, 770, 771
thresholds/caps/feature strips/reducing

strips, 756, 757
wall base, 755–756, 770

cleaning, 771
finishes, 751–771
installation, 761–762

of accessories, 770, 771
job conditions, 761
of sheet flooring, 762–767
supporting construction, 761–762
of tile flooring, 767–770

installation materials, 756–761
adhesives, 758–761
lining felt, 758
underlayments, 756–758

materials, 751–753
cork tile, 753
linoleum, 753
rubber tile, 753
vinyl composition tile, 751
vinyl sheet and tile, 751, 753

painting on, 808
reflooring existing construction, 770, 771

over ceramic tile/terrazzo/marble, 771
over concrete floors, 771
over wood floors, 771

selection criteria, 753–755
alkali/grease resistance, 754–755
durability, 755
ease of maintenance, 755
moisture resistance/location, 755
resilience, 755
slip resistance, 755
sunlight resistance, 755

sheet flooring installation, 762–767
application, 763–766
cove base flashing, 766–767
preparation, 762–763

sustainability considerations for, 642
tile flooring installation, 767–770

adhesive bonding, 769
design layout, 767–769
fitting/cutting, 769, 770
preparation, 767

Resilient mounting systems, 686
Resinous binders, 772, 773
Resistance, 986, 1022
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Resistance welding, 284
Restraints, crack-control, 669, 670
Retarder-faced insulation, 436
Retarders, concrete, 75
Retempering, 157
Reverberation, 862
Reverberation time, 862–863
Ribbed slabs, 130, 131
Ridges:

and asphalt shingles, 479
and mineral-fiber-cement shingles, 490,

491
and wood shingles/shakes, 502–504

Ridge roll, 490, 491
Ridging (in gypsum board), 684–686, 696,

697
Rigid bases, 669
Rigid board insulation, 447
Rigid frames, 389
Rigid insulation, 446–447, 451
Rigid metal conduit, 1032
Rigid steel anchors, 160
Risers, 756, 770, 771
Riveting, 278
Roll blinds and shades, 853–854
Roller forming:

aluminum, 277–278
copper alloy, 298
iron/steel, 268, 269

Rolling (in copper alloy products
production), 297

Roll roofing, 469, 525–527
Roll roofing winder, 468
Roofs:

and HVAC, 988
plank-and-beam, 402–405
steel decking in, 293
structural precast concrete elements of,

136–137
terminology used with, 460–461
thermal insulation of, 455

Roof accessories, 545–546
Roof and ceiling assemblies:

concealed condensation in, 434
conventional wood framing, 376–381
panelized, 385, 386
vapor retarder installation in, 442
vapor retarder/ventilation design for,

439–441
Roof coatings, 468, 805
Roof decks, structural insulating, 141–143
Roof drainage, 959–960
Roof drain flashing, 539
Roof flashing, 538–539
Roof framing and sheathing, 462
Roofing:

membrane, see Membrane roofing
metal, see Metal roofing
steep-slope, see Steep-slope roofing

Roofing cements, 462
Roofing tape, 470
Roofing underlayment, 462, 463
Roof insulation, 523–524
Roof penetrations, 538–539

Roof sheathing, 398–399, 471, 488, 499
Roof slope limitations, 462
Roof specialties, 545
Roof trusses, 386–388
Room acoustics, 861–865
Room organization, 988
Room size and arrangement, 34–35
Roped oil hydraulic elevators, 911
Rotation forces, 360, 361
Rotation speed, 1144
Rough form finish, 110
Routes, accessible, 25
Rubberized fibers, 798
Rubber tile, 753
Rubber wall base, 770
Running bond, 190, 191
Running trim, 412

Safety:
and appliances, 25
and barrier-free-design, 24–25
electronic security, 1058–1065

Safety glazing, 624
Sand:

in gypsum plaster aggregates, 654, 655
in portland cement plaster, 659
for tiling, 706

Sandblasting, 623
Sand castings, aluminum, 277
Sand-lime mortars, 152
Sand-portland cement grout, 705
Sandwich panels, 382–384
Sanitary sewage disposal, 940–959

DWV system, see Drainage, waste, and
vent system

private systems, see Septic disposal
systems

public sewage utilities, 1096–1098
Sash, 603
Saturation, felt, 467
Sawing effects (on lumber), 331–332
Sawmill practice, 325–327
Scaling, 110
Scheduling, construction, 47–48
Scratch coat, 665, 666
Screeding, 105–106
Screen doors, see Storm and screen doors and

windows
Screws, 675, 679, 680
Scribing, 763–765
Scuppers, 545
Sealant-filled joints, 216, 217
Sealants:

building sealants, 549–551
glazing, 631
for tiling, 706

Sealed insulating glass, certification of, 624
Sealing, DWV system, 942
Sealing compounds, 112
Seam cutting, 764, 765
Seamed roofing panels, 541
Seasoning effects (on lumber), 332–333
Seasoning lumber, 326–328
Secondary bonding, 1109

Sections, land, 57
Security, electronic, see Electronic safety and

security
Security lighting, 1050
Security locks, 612
Seepage pit, 949, 950, 952–955
Self-supporting gypsum partitions, 690–692
Semigloss enamel, 803
Semigloss latex paint, 803
Semigloss maintenance finish, 804
Semigloss paint finishes, 803
Semigloss wall paint, 803
Semirigid board insulation, 447
Semisolid partitions, 663, 690–691
Separated sound-isolating construction, 686
Separation joints, 91, 92
Septic disposal systems, 946–959

installation inspection, 959
septic tanks, 955–959
soil absorption systems, 948–955
soil suitability, 947–949

Septic tanks, 955–959
access to, 956, 957
capacity of, 956
double-compartment, 958
inlets/outlets for, 956, 957
location of, 955–956
shape of, 957
single-compartment, 957, 958
solids removal function of, 955

Series loop systems, 1001, 1003
Service drop, electrical, 1101
Service entrance, electrical, see Electrical

service entrance
Service entrance panel, electrical, see

Electrical service entrance panel
Services, 2
Service temperatures of plastics, 419–420
Settlement, soil, 114, 115, 1070–1071
Sewage disposal, 940–959

DWV system, see Drainage, waste, and
vent system

private systems, see Septic disposal
systems

Sewage utilities, 1097–1098
combined sewer system, 1098
public sewage disposal system, 1097–1098
sustainability considerations for, 1096

Sexagesimal system, 1119
Shades, 853–855
Shading devices, 853–856
Shadowing, 696
Shakes:

in lumber, 331
in wood growth, 318
wood shingles and, see Wood shingles and

shakes
Shear, horizontal, 324
Shear forming, 269
Shear walls, 412
Sheathed construction, 645
Sheathing:

EIFS, 458–459
for roll roofing, 525
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roof, 462
for siding, 505
for slate roofing, 481
wood and wood products, 389–399

Sheathing paper:
for mineral-fiber-cement shingles, 507
for plywood/hardboard panel siding, 522
for wood/hardboard board siding, 519
for wood shingles/shakes, 513

Sheet aluminum, 276, 277
Sheet flashings:

combination, 537
flexible, 536–537

Sheet flooring, resilient, 762–767
application, 763–766
cove base flashing, 766–767
preparation, 762–763

Sheet membranes, 444
Sheet metal finishes, 536
Sheet metals, 534–537
Sheet steel, 259, 263
Shellac, 806
Shelving, 413
Shingles:

bituminous roofing products, 470–471
defined, 461
over nonwood sheathing, 506
over wood/plywood sheathing, 506

Shingle backer method, 508–509
Shingle butt, 461
Shop-fabricated structural wood, 384–390

box beams, 389
curved panels, 389, 390
panelized assemblies, 384–386
preframed panels, 388
rigid frames, 389
wood roof trusses, 386–388

Shotcrete, 104
Shower receptors, 710, 711
Shower rooms, 24–25, 31
Showers, 25, 965–966
Shrinkage stresses, 668, 669
Shrubs, 1090–1093
Shutters, 853, 855
SI, see International System of Units
Sidelights, 24
Siding, 504–522

aluminum siding, 515–519
general, 504–506
mineral-fiber-cement shingles, 506–511
plywood and hardboard panel, 521–522
priming of, 809
vinyl siding, 515, 517–519
wood and hardboard board, 519–521
wood shingles/shakes, 511–515

Signage:
accessible design, 28–29
for elderly users, 33
and mental impairment, 30
and visual impairment, 29

Signaling devices, 1060–1061
Silica, 618, 619
Silicon, 251
Silicones, 424

Silicone emulsion, acrylic polymer coatings,
819

Silicone rubber grout, 705
Silicone sealants, 550, 631
Siliconized acrylic elastomeric polymer

coating, 820
Sill plate construction, 367
Silvering, 623
Simple beams, 127, 128
Single-duct, single-zone systems, 995–996
Single duct multizone systems, 996
Single-duct reheat, 996
Single-duct variable air volume systems, 996
Single-lever faucets, 961
Single-phase electric service, 1100, 1101
Single-ply construction gypsum board,

678–682
Single-ply membrane roofing, 528, 529,

531–535
application, 531–535
coatings/surfacings, 531
materials, 528, 529, 531

Single-slat parquet flooring, 750
Single-track storm windows, 611
Single-wythe walls, 209–211
Sinks, 960–961
Site access, 30
Site-cast units, 134–135
Site clearing, 1073
Site conditions, 53–63

demolition, 60–61
land surveys/descriptions, 54–60
subsurface investigation, 61–63
sustainability considerations for, 54

Site planning:
accessibility, 25–27
HVAC, 987–988
and intrusion prevention/detection, 1059
and sound control, 872, 873

Site preparation:
and air plenum systems, 997, 998
for permanent wood foundation systems,

357, 359
Slabs:

air-entrained, 107
beams as part of floor, 128
elevation of, 1084
finishing, 108–110
hot rolling/cold finishing, 262, 263

Slabs on grade, 102, 118–125
base course for, 1079, 1080
design, 118
flatness/levelness, 124–125
forming floors, 80
ground-supported, 118–123
moisture control of, 124
structurally-supported, 123–124
surface condensation in, 432
thermal control of, 124
thermal insulation for, 449, 450
vapor retarder/ventilation design for, 441
water control for, 1084–1085

Slab finishes, 108–110
Slat block flooring, 750

Slate, 226, 481, 739–740
Slate roofing, 481–483
Sleeves, 89
Sliding glass doors:

aluminum, 593–600
and burglary protection, 615
wood/plastic, 600–608

Slip forming, 80, 81
Slope limitations, 487, 488
Slope of roof, 460, 461
Slope protection, 1080–1081
Slump concrete blocks, 182
Slump test, 98, 99
Small-appliance circuits, 1038
Small-joint sealants, 551
Smoke alarm systems, 1063–1065
Smoke control, 994
Smoke shelf, 204
Smooth form finish, 110
Smooth-rubbed finish, 110
Sodium, 619
Soft conversion, 1144
Soft-mud process, 163–164
Softwoods, 317, 318, 333–337, 743–745

classifications, 334–336
Douglas fir, 743
major producing regions, 333, 334
size/grade standardization, 336, 337
southern pine, 743
standards of quality, 333–335
west coast hemlock, 743–744

Soil(s), 1068–1073
bearing capacity, 1069, 1070
classification, 1068–1070
for landscaping, 1093–1094
nonproblem soils, 1071–1072
problem soils, 1072
properties of, 1069
and septic disposal systems, 947–949
settlement, 1070–1071
settlement of, 114, 115
temperature, effects of, 1072–1073
types of, 947–948
water, effects of, 1072

Soil absorption systems, 948–955
absorption bed, 949, 950, 952
absorption field, 949–952
absorption trench, 949–952
distribution line, 949, 950, 952
seepage pit, 949, 950, 952–955

Soil pipes, 940
Soil samples, 63
Solar heating and cooling systems,

1004–1009
active solar heating systems, 1004–1005
cooling systems, 1008–1009
passive solar heating systems, 1005–1009

Soldering, 285
Solid clay masonry units, 167–170
Solid masonry walls, 185–187
Solid partitions, 663, 691
Solid slabs, 129–131
Solvent-base asphaltic adhesives, 760
Solvent-release-curing sealants, 550–551
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Solvent treatments, 814–815
Solvent wiping and degreasing, 814
Sonic system, 1063
Sound(s):

and hearing impairment, 30
properties, 858–861
timer-controlled sounds, 1062
and visual impairment, 30

Sound-absorbing materials, 687
Sound control, 858–904

design/construction, 870–889, 904
construction recommendations, 877–889
design/planning, 870–877
selection criteria, 888–889, 904

and electrical installation, 1042–1043
and floor and ceiling assemblies, 884–887

concrete slab construction, 887
cushioning impact, 884–885
performance ratings, 897–904
wood frame construction, 885–886

for HVAC, 992–994
performance ratings, 890–904

floor/ceiling assemblies, 897–904
wall assemblies, 890–896, 904

for plumbing, 967–969
fixture/appliance noises, 969
piping noises, 967–969

properties of sound, 858–861
frequency, 859–861
wave motion, 859

room acoustics, 861–865
acoustical correction, 861, 862
noise reduction, 862–865

transmission of sound, 865–870
airborne, 866–868
structure-borne, 868–870

Sound-deadening board, 687
Sound insulation, 729
Sound-isolating construction, 686–687

airborne sound through flanking paths, 686
resilient mounting, 686
separated construction, 686
sound-absorbing materials, 687
sound-deadening board, 687

Sound levels, 860–861
Sound transmission, 865–870

airborne sound, 866–868
and curtain walls, 591
structure-borne sound, 868–870

Southern pine, 748
Southern pine region, 333
Space layout, 874, 875
Spading, 104
Special coatings, 818–823

applicable standards, 818–819
finishes, 818–823
general characteristics, 818
installation, 822–823
sustainability considerations for, 643
systems, 819–822
acrylic conditioners/primers/sealers, 820
acrylic elastomeric polymer coatings, 820
acrylic emulsion block fillers, 819
acrylic emulsion coatings, 819

acrylic latex coatings, 819
acrylic latex terpolymer coatings, 819
acrylic polymer coatings, 819
acrylic polymer crack/surface repair

materials, 820
acrylic terpolymer coatings, 819
antigraffiti coatings, 822
cementitious coatings, 821–822
flecked/multicolored interior finishes, 

822
high-build acrylic resin coatings, 

819–820
high-build latex coatings, 820
penetrating sealers/masonry stains,

820–821
polymer-modified waterproofing cement

coatings, 820
silicone emulsion/acrylic polymer

coatings, 819
siliconized acrylic elastomeric polymer

coating, 820
vinyl toluene acrylic resin systems, 820
vinyl toluene resin coatings, 820

Specialized partition systems and assemblies,
663

Special-purpose outlets, 1034, 1035
Specifications, project, 42–43
Specific gravity, 322
Speed of rotation, 1144
Spinning, 298
Split-face concrete blocks, 182
Sponge rubber, 798
Spot detectors, 1061
Spray-applied fireproofing, 547, 548
Spread foundations, 115–117
Sprinkler systems, fire suppression, 

919–920
Sprinkling concrete, 111–112
Square of roofing, 461
Stabilizers:

as plastics modifiers, 418
roofing products, 466

Stacks, DWV system, 940, 941
Stack bond, 191
Staggered butt line, 489
Stains:

mold, 331, 353
transparent finish stains, 805

Stainless and heat-resisting steel, 259–260
austenitic steel, 259
common uses, 260
ferritic steel, 259
industry designations, 260
martensitic steels, 259
mechanical finishes on, 299, 300
in metal roofing, 542
precipitation hardening steel, 260
as sheet metals, 536

Stainless conversion coatings, 303
Stainless steel doors and frames, 568
Stainless steel metal roofing, 542, 543
Stainless steel sheet and strip, 299, 300
Stairs:

accessibility, 28

concrete, 134
in finish carpentry, 413, 414
safety, 24
and sound control, 888

Stair lifts, 915
Stair treads, 756, 770, 771
Standards:

appliance, 837–838
barrier-free-design, 23–24
industry, see Industry standards

Standards-setting and testing agencies, 10–11
ANSI, 10
ASHRAE, 11
ASTM International, 10
NAHB Research Center, 11
NFPA, 11
UL, 10–11

Standard Building Code, 20–21
Standard convenience outlets, 1034
Standard cove base cement, 761
Standard mineral-surfaced roll roofing, 525,

526
Standard-weight concrete slab finishes,

105–107
bleeding, 105
broom finishing, 107
edging, 106
floating, 106, 107
jointing, 106
leveling, 106
screeding, 105–106
troweling, 106, 107

Standing trim, 412
Standpipe systems, fire suppression, 

918–919
Staples, 675
Static generation, 795–796
Steam cleaning, 814
Steam systems, 1004
Steel:

sustainability considerations for, 247
welding on, 282, 283

Steel bars, 259
Steel beams, 366, 367
Steel casting, 255
Steel decking, 292–294
Steel floors, 293–294, 808
Steel joists, 292
Steelmaking, 252–256

electric processes, 254, 255
open hearth process, 253–254
pneumatic processes, 254–256

Steel materials and products, see Iron and
steel materials and products

Steel roof decking, 293
Steel trusses, 292
Steel windows, 593, 599–600

accessories, 593
fasteners, 599
finishes, 599
glazing, 593
grades, 599–600
hardware, 599
standards of quality, 599

1208 Index

bindex.qxd  9/12/06  1:44 PM  Page 1208



weatherstripping, 593
window types, 600

Steep-slope roofing, 460–504
asphalt shingles, see Asphalt shingles
bituminous roofing products, see

Bituminous roofing products
cements, 462
fasteners, 464, 465
flashing, 462–465
flashing/caulking, 462–465
framing, 462
framing/sheathing, 462
mineral-fiber-cement shingles, see

Mineral-fiber-cement shingles
nails, 464, 465
nails/fasteners, 464, 465
nomenclature, 460–462
sheathing, 462
slate roofing, 481–483
slope limitations, 462
tile roofing, 483–487
underlayment, 462, 463
wood shingles/shakes, see Wood shingles

and shakes
Stem faucets, 961
Stepped footings, 116
Stick systems, curtain-wall, 586, 587
Stiff-mud process, 162
Stiffness, 346, 418–419
Stile-and-rail doors, 572–573, 583
Stitching, 279
Stone, 223–234, 738–740

anchors for, 160
design/construction, 231–234
finishes, 230–231
general characteristics, 738, 739
granite, 740
limestone, 740
manufacture, 226–229
marble, 740
materials, 224–226
reinforcement for, 160
slate, 739–740
support systems for, 160
ties, 160

Stone flooring and paving, 737–742
installation, 741–742
materials, 153–154, 738–741
sustainability considerations for, 642

Stone masonry finishing, 810
Stone setting, 231–234
Storage:

of concrete masonry units, 178
of solar heat, 1005, 1007
for wheelchair users, 32

Storage shelving, 413
Storefronts, see Entrances and storefronts
Storm and screen doors and windows,

608–611
installation, 611
materials/finishes, 608, 609
standards, 608
types, 609–611

Storm drainage utilities, 1100

Storm sash, 607
Storm water disposal, 958–960, 1096
Stoves, 1013
Straight butt line, 488, 489
Strain, stress and, 1109
Strand casting, 255, 256
Strength:

of aluminum, 274, 275
of plastics, 418–419

Stress, 1109, 1142, 1143
Stressed-skin panels, 382, 383
Stress-strain test, 1109–1112
Stretch forming, 268, 269, 277
Strip reinforcing, 685–686
Strip shingles, 477–479
Strip steel, 263
Strip wood flooring, 746–748
Structural clay tile, 173–175, 215
Structural concrete, cast-in-place, see Cast-

in-place structural concrete
Structural insulating roof decks, 141–143
Structurally-supported slabs, 123–124
Structural movement, 668, 669
Structural panels, 381–384
Structural precast concrete, 135–138
Structural shapes, 264–267
Structural sheet metal roofing, 541
Structural silicone-sealant glazing, 633
Structural slabs, 129–134

flatness of, 133
flat plate slabs, 131–133
one-way slabs, 129–131
on permanent forms, 133
post-tensioning, 133, 134
two-way slabs, 130–132
waffle slabs, 132, 133

Structural steels, 259
Structural steel framing, 286–292

conventional, 288–289
design process, 287, 288
erection, 289–291
fabrication, 289
preengineered buildings, 291, 292

Structure-borne sound, 868–870
Structure of matter, 1104–1109

bonding, 1105, 1107–1109
builiding blocks, 1104–1107

Stucco, reshingling over, 511
Studs, 375–376
Stud adhesives, 676
Stud walls, 456, 457
Subdrainage systems, 1098–1100
Subflooring:

concrete, 761–762
for tiling, 707
wood, 761
wood sheathing, 390–395

Substrates, 523
for tile roofing, 485

Subsurface investigation, 61–63
Suitability test, 762
Sulfuric acid anodizing, 309
Summer comfort, 982, 983
“Supplemental services,” 2

Supplementary units (SI), 1122, 1123
Supports:

for curtain walls, 588, 589
for entrances/storefronts, 582
for metal doors/frames, 565
for plaster/gypsum board, 643–653
for tiling, 707–708

Supported floors, forming, 80, 81
Support strips for tile roofing, 485
Support systems:

for plaster/gypsum board, 643–647
for stone, 160

Surfaces:
and accessible design, 29
and coordination disabilities, 32
for painting, 806–811
repair of, 816, 817
texture of concrete masonry units, 180

Surface condensation, 431–432
Surface defects in concrete, 110–111
Surface finishes:

glass, 622–623
portland cement plaster, 670

Surface preparation for paint, 812–816
chemical/solvent treatment, 814–815
mechanical treatments in field, 813–814
metal pretreatments, 815–816
primers/sealers/fillers, 816

Surface water, 1083
Surfacing:

on lumber, 332
on roofing products, 467, 528

Suspension systems, 723–726
Sustainability considerations for, 148,

836–837
Sustainable building design, 35–38
Swinging doors, 573
Swirl design surface, 109
Switches, electrical, 1018–1019, 1035
Synthetic fiber reinforcement, 76
Synthetic rubber cement, 761

Tacked and tackless carpet installation,
798–799

Tanks, flush, 962, 963
Tapes, 631
Tape sealants, 551
Taste, unpleasant, 939
Telephone, 1055
Television, 1055
Temperature(s):

and curing concrete, 112, 113
and humidity, 977
measurement of, 1141–1143
and outdoor design, 984–985
SI units of, 1143
and soils, 1072–1073

Temperature controls, 938
Temper designations, 272, 273
Tempering glass, 622
Temporary forms, 76
Tensile strength, 178
Tension, 324
Tension floors, 766
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Terminal units, 1012–1013
convection heating and cooling units, 1012
convectors, 1012
fan coil units, 1012
induction units, 1012–1013
radiators, 1012
unit heaters, 1013
unit ventilators, 1013

Termite control, 1081–1083
Termite protection, 997, 998
Terneplate, 542
Terra cotta, 169–171, 174, 175, 223
Terrazzo flooring, 771–782

finishes, 771–782
installation methods, 779–780
materials, 772–774
special elements, 781–782
special surface finishes, 780–781
strip placement, 777–778
subfloor preparation, 775–776
sustainability considerations for, 642
topping, 778–779
underbed, 776–777

Test method standards, 9
Texture:

of clay masonry units, 166
of concrete masonry units, 180
in felt manufacture, 467
and visual impairment, 29

Thermal break, 584, 595
Thermal conductivity, 325, 1113
Thermal control, 124
Thermal design criteria, 984
Thermal drapes, 855, 856
Thermal effects, SI units of, 1135–1137
Thermal expansion, 325, 347, 1113, 1114
Thermal insulation, 445–457. See also

Moisture protection
of attics, 457
of ceilings, 454–455
of crawl spaces, 450–451, 456
design/installation, 449–455

ceilings, 454–455
ceilings/roofs, 454–455
crawl spaces/floors, 450–451
general recommendations, 449
roofs, 455
slab on grade, 449, 450
walls, 451–454

external, 457–459
fiberboard, 449
of floors, 450–451
foamed-in-place, 448–449
of foundations, 455–456
with gypsum board, 688
loose fill, 448
materials, 445–449

fiberboard, 449
foamed-in-place, 448–449
loose fill, 448
mineral fiber, 447–448
reflective, 449
rigid, 446–447
standards of quality, 449

mineral fiber, 447–448
reflective, 449
reinsulation of existing buildings, 455–457
rigid, 446–447
of roofs, 455
for slab on grade, 449, 450
sustainability considerations for, 428
of walls, 451–454

Thermal integrity, 998–999
Thermal properties of matter, 1112–1114

conductivity, thermal, 1113
expansion, thermal, 1113, 1114
melting temperature, 1112–1113

Thermal properties of plastics, 419–420
Thermal shutters, 855
Thermal transmittance, 591
Thermal units, 1003
Thermoplastics, 417, 420–423, 531

ABS, 421
acrylics, 421
cellulosics, 421
fluorocarbons, 421
molecular structure of, 416–417
nylons, 421, 422
polycarbonates, 421
polyethylene, 421, 422
polypropylene, 422
polystyrene, 422
vinyls, 422–423

Thermosets, 423–424
epoxies, 423
melamines, 423
molecular structure of, 417
phenolics, 423
polyesters, 423
polyurethanes, 423–424
silicones, 424
thermoplastics, 417
ureas, 424

Thermostats, 992
Threaded fasteners, 279–280
Three-coat work, 661, 665–667
Three-phase electric service, 1101
Three-tab shingles, 479
Thresholds, 33–34, 710, 711, 756, 757
Throat, masonry fireplace, 203, 204
Through-penetration fireproofing, 548, 549
Ties, masonry, 157–159
Tile floors, 711–717

exterior concrete, 716
installation performance levels, 711–713
interior concrete, 712, 714–716
wood subfloors, 716–717

Tile flooring, resilient, 767–770
adhesive bonding, 769
design layout, 767–769
fitting/cutting, 769, 770
preparation, 767

Tile roofing, 483–487
installation, 486–487
materials, 483–484
preparation, 485–486

Tile-setting products, 703–705
dry-set mortar, 704

epoxy adhesive, 705
epoxy mortar, 705
furan mortar, 705
latex-portland cement mortar, 704–705
neat portland cement, 703
organic adhesive, 705
portland cement mortar, 703, 704

Tile walls, 717–720
exterior surfaces, 719, 720
interior surfaces, 717–720

Tiling, 697–720
countertop, 711, 712
finishes, 697–720
floor installation, 711–717

exterior concrete, 716
interior concrete, 712, 714–716
performance levels, 711–713
wood subfloors, 716–717

general recommendations, 698–712
control/expansion joints, 710
countertops, 711, 712
grouting/curing, 709–710
job conditions, 707
layout/setting, 708–709
over existing finishes, 711, 712
shower receptors, 710, 711
supporting construction, 707–708
thresholds, 710, 711

materials, 698–707
ceramic tile, 698–703
cleavage membrane, 707
grouts, 705–706
hydrated lime, 706
metal reinforcement, 706–707
portland cement, 706
sand, 706
sealants, 706
tile-setting products, 703–705

wall installation, 717–720
exterior surfaces, 719, 720
interior surfaces, 717–720

Tilted strip at gables, 504
Time intervals, 1130, 1141
Timer-controlled lights and sounds, 1062
Tin, 298
Tinted glass, 625–627
Tinting, 623
Toilet rooms, 24–25, 31
Toilets, see Water closets
Tones (sound), 860
Tongue-and-groove panels, 345
Tongue-and-groove siding, 519, 520
Tooled joints, 216, 217
Topcoat paints, exterior, 803–805

alkyd enamels, 804
aluminum paints, 804–805
latex paints, exterior, 804
oil-base paints, 803–804
oleoresinous paints, 804

Toplap, roof, 462
Toughness, 419, 1112
Township and range lines, 56, 57
Traction elevators, 909–910
Trade associations, 9–10
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Traffic noise, 871–873
Translation forces, 360, 361
Transmission of sound, see Sound

transmission
Transmittance (heat transfer), 986
Transparent finishes, 805–806, 809
Transverse strength, 196, 197
Traps, DWV system, 940, 942–943
Treatment, water, see Water treatment
Trees, 317, 318

for construction plywood, 339, 340, 343
hardwoods, 317
in landscaping, 1090–1093
lightning protection for, 1044–1045
softwoods, 317, 318

Trim:
exterior finishing of, 808
in finish carpentry, 412–413
interior, 808

Trim enamels, 804
Trim paints, 804
Triple-track storm windows, 611
Troweled joints, 216
Troweling, 106, 107
Trusses:

cold-formed metal framing, 295
steel, 292
wood, 386–388

Tubular products, 267–268
Tuck pointing, 155–156
Tufted carpet, 789, 790
Tungsten, 251
Two-coat work, 661, 667
Two-pipe systems, 1003
Two-track storm windows, 611
Two-way slabs, 130–132

UL, see Underwriters Laboratories
Ultrasonic motion detector, 1062, 1063
Unauthorized entry, 615
Unauthorized entry prevention, 1061, 

1062
Unbonded concrete toppings, 141
Uncertainties in legal descriptions of land,

59–60
Uncontrolled natural finishes, 300
Underfloor raceway, 1033
Underlayment:

and asphalt shingles, 471, 480
concrete, 143–144
for metal roofing, 542
for mineral-fiber-cement shingles, 488
plywood, 392–394
for resilient flooring, 756–758
for roll roofing, 525
roofing, 462, 463
for slate roofing, 481–482
for tile roofing, 485–486
for wood shingles/shakes, 499

Underpinning, 1073–1075
Underwriters Laboratories (UL ), 10–11
Unified Numbering System (UNS), 257
Uniformat, 41–42
Uniform Building Code, 20–21

Uniform Plumbing and Uniform Mechanical
Codes, 21

Unit-and-mullion systems, 587, 588
Unit curtain-wall systems, 587, 588
Unit design, 183–205

cavity walls, 187–188
crack control, 192–195
fireplaces/chimneys, 201–205
fire resistance, 201
lintels/arches, 199–200
moisture control, 192
pattern bonds, 190–192
piers/pilasters, 200, 201
reinforced walls, 190
solid walls, 185–187
veneered walls, 188–190
wall structure, 195–199

Unit heaters, 1013
Unit kitchens, 841–843
Unit masonry walls, 882–884
Unit reinforcement, 157–160
Unit ventilators, 1013
Unseasoned lumber, 328
Unsheathed construction, 644–645
UNS (Unified Numbering System), 257
Upfeed water supply systems, 930–931
Ureas, 424
Urethane enamels, 803
Urethane foam, 448, 798
Urethane sealants, 550
Urinals, 964
Utilities, 1096–1101

electric power distribution, 1100–1101
sanitary sewage utilities, 1097–1098
subdrainage systems/storm drainage

utilities, 1098–1100
sustainability considerations for, 1096
water supply sources, 1097

Valley flashing, 463, 480, 500–501
Valves, water-supply, 935
Vanadium, 251
Vapor permeability and condensation, 459
Vapor retarders, 436–442, 1084–1085

design, 437–441
foil-backed boards, 436–437
installation, 441–442
selection, 436–437

Varnish, 806
Velocity, 1144
Veneer, brick:

bonding, 211, 212
thermal insulation of, 456, 457

Veneered walls, 188–190
Veneered wall ties, 159
Veneer grades of plywood, 343–344
Veneer plaster, 657, 662
Veneer plaster bases, 653
Vents, DWV system, 941, 943–944
Ventilating, see Heating, ventilating, and air

conditioning
Ventilation, interior, 979, 980
Ventilation design, 437–441

crawl spaces, 438–439

roof and ceiling assemblies, 439–441
slabs on grade, 441
walls, 437, 438

Venting, DWV system, 942
Vent stacks, 1009
Vent systems, 940
Vermiculite, 655
Vermiculite insulation, 448
Vertical lift doors, 580, 581
Vertical wheelchair lifts, 915
Vibrating (of concrete), 104–105
Viewing devices, burglary-protection, 615
Vinyls, 422–423
Vinyl-coated fabric wall coverings, 643,

799–800
Vinyl composition tile, 751
Vinyl sheet and tile, 751, 753
Vinyl siding, 515, 517–519
Vinyl tile, 753
Vinyl toluene acrylic resin systems, 820
Vinyl toluene resin coatings, 820
Vinyl wall base, 770
Visual impairment, accessible design for,

29–30
Vitreous finishes on metal, 308
Voltage, 1022
Volume, 1129
Volume change, 151, 179–180
Voluntary Product Standards (Voluntary PS),

11–12
Vulcanized elastomers, 529

Waffle slabs, 132, 133
Walks, 26
Walls:

cast-in-place structural concrete, 125–126
concealed condensation in, 433–434
flashing at base of, 538
forming, 78, 79
and HVAC, 988
masonry, see Masonry walls
painting interior, 806–808
reinforced, 190, 211
and sound control, 879–884
structural precast concrete, 136
thermal insulation of, 451–454
and tile backing, 707–708
vapor retarder installation in, 442
vapor retarder/ventilation design for, 437,

438
Wall assemblies:

conventional wood framing, 375–376
panelized, 385
and sound control, 890–896, 904

Wall base cement, 761
Wall bases, 755–756, 770
Wallboard, fire-resistant, 672
Wall coverings, vinyl-coated fabric, see

Vinyl-coated fabric wall coverings
Wall flashing, 537, 538

at base of walls, 538
at copings, 538
at expansion joints, 538
at floor lines, 538
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Wall flashing (cont’d)
at openings, wall, 538
at roof penetrations, 538
for siding, 505, 506
for wood shingles/shakes, 501

Wall framing for siding, 505
Wall ovens, 838
Wall panels:

acoustical, 730–734
fire-resistant, 687, 688

Wall primers/primer-sealers, 801
Wall sheathing, 395–398

lumber sheathing, 396
for mineral-fiber-cement shingles, 507
nonlumber sheathing, 396–398
plywood corner bracing, 396, 397
for plywood/hardboard panel siding, 522
plywood sheathing, 396, 397
for wood/hardboard board siding, 519
for wood shingles/shakes, 513

Wall shingles, 506–507
Wall structure, masonry, 195–199

compressive strength, 195, 196
flashing, effect of, 197
lateral support, 197–198
thicknesses/heights/lengths, 198–199
transverse strength, 196, 197

Warning lights, 30
Warp, 347
Warranty period, 2
Washers and dryers, 837, 840–841
Wash primers, 802, 815–816
Waste pipes, 940
Water:

in aggregate, allowance, 97, 98
and concrete, 72
measuring, 100
safety, 24
and soils, 1072

Water absorption, 179
Waterborne wood preservative, 355
Water-cement ratio, 93–96
Water closets (WCs), 961–964

conventional WCs, 961–963
low-consumption WCs, 963–964
waterless WCs, 964
watersaver WCs, 963

Water conservation, 924–925
Water consumption, 926, 928
Water coolers, 966
Water-emulsion asphaltic adhesives, 760
Water flow control, 934–935
Water heating, 935–938

combination water heaters, 936
direct water heaters, 935, 936
fuel sources, 936–938
sizing, 937–938
temperature controls, 938

Water penetration:
and curtain walls, 590
and metal roofing, 543

Water pressure regulation, 935
Water problems, 1083–1085

control of, 1084–1085

groundwater, 1083–1084
surface water, 1083

Waterproofing, 443–445
cementitious, 445
clay, 445
membrane, 443–445

Waterproof-resin adhesive, 760
Water-reducing admixtures, 75
Water-resistant wallboard, 672
Water retention of mortar, 150–151
Waterstops, 90
Water supply, 926–939

building systems design, 926–935
consumption, 926, 928
pipe materials, 931–934
system configuration, 929–931
system layout, 926–929
valves, 935
water flow control, 934–935
water pressure regulation, 935

heating water, 935–938
combination, 936
direct, 935, 936
fuel sources, 936–938
temperature controls, 938

separation of systems, 966, 967
treatment, water, 938–939

corrosiveness, 938, 939
hardness, 938, 939
unpleasant appearance/odor/taste, 939

Water table rise, 1083
Watertight curing covers, 112
Watertightness, 152
Water treatment, 938–939

corrosiveness, 938, 939
hardness, 938, 939
unpleasant appearance/odor/taste, 939

Water tube boilers, 1009
Water vapor, 429–431

movement, 429
permeance/permeability, 430–431
properties, 976, 977
transmission, 430–431

Wavelength, 859, 860
Wave motion, 859
WBT (wet-bulb temperature), 978
WCs, see Water closets
Weakened sections, crack-control, 669
Weather barriers, 459–460
Weather conditions, 984–985

and curing concrete, 112, 113
degree days/cooling operating hours, 985
outdoor design temperatures, 984–985

Weathering:
of aluminum, 274
of wood and wood products, 325

Weathering index, 171, 172
Weather protection, 614
Weatherstripping:

for doors, 614
for entrances/storefronts, 582–583
for metal doors/frames, 565
for metal windows/doors, 593
for wood/plastic windows/sliding doors, 604

Weep holes, 217, 219–220
Weight, 1142, 1143
Welded studs, 279
Welded wire fabric, 82, 84
Welding, 281–285

ferrous metals, 281–284
nonferrous metals, 284–285

Western softwoods, 748
Western woods region, 333
Wet-back Scotch marine boilers, 1009
Wet-bulb temperature (WBT), 978
Wet looper, 467
Wheelchair lifts, 914–915
Wheelchair users, 30–32
White cast iron, 252
White pocket, 353, 354
White portland cement, 72
Wind loads, 114
Windows, 586–611

entrances/storefronts, see Entrances and
storefronts

glazed aluminum curtain walls, see Glazed
aluminum curtain walls

glazing, see Glazing
metal, see Metal windows and sliding glass

doors
and sound control, 875–877
storm/screen, 608–611
sustainability considerations, 564
wood/plastic, see Wood and plastic

windows and sliding glass doors
Window treatment, 853–856

exterior shading devices, 853–856
interior heat gain/loss devices, 854–856
sustainability considerations for, 846

Wind uplift, 543
Winter comfort, 981–982
Wired glass, 625, 626
Wire manufacture, 267
Wire mesh in, 159
Wireways, 1032–1033
Wiring, electrical, 1037–1041

air plenum systems and underfloor, 999
circuits, 1037–1039
conductor size, 1039, 1040
connections, 1039, 1041
grounding, 1041
raceway size, 1039, 1040
sustainability considerations for,

1018–1019
Wood:

exterior finishing, 810
exterior priming, 809
paints for, 801–802

Wood and plastic doors, 569–580
installation, 579–580
manufacture, 574–579
operation, door, 573–574
sliding glass doors, 600–608
standards of quality, 577, 579
types/uses, 570–573

Wood and plastic windows and sliding glass
doors, 600–608

burglar protection, 600–601
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fabrication/assembly, 601, 603
frame, 603–604
glass/glazing, 607
hardware, 604–607
installation, 608
materials, 601
sash, 603
screening, 607
selection, 607, 608
standards, 600
storm sash, 607
types/nomenclature, 601–603
weatherstripping, 604

Wood and wood products, 315–414
bending properties, 323, 324
chemical composition, 318, 319
compression properties, 324
conventional framing, see Conventional

wood framing
engineered wood products, see Engineered

wood products; Plywood(s)
finish carpentry, 412–414
foundation systems, 357–360
framing, see wood framing
gluing properties, 324
growth properties, 317, 318
horizontal shear properties, 324
hygroscopic properties, 319–322
lumber, see Lumber
modulus of elasticity, 324
nonstructural properties, 324, 325
properties, 317–325
sheathing, see Wood sheathing
shop-fabricated structural wood, see Shop-

fabricated structural wood
specific gravity, 322
structural, 322–324
structural panels, 381–384
structural properties, 322–324
sustainability considerations for, 316
tension properties, 324
treatment, 353–357
tree species, important, 317, 318

Wood bevel siding, 520
Wood board siding, 519–521

corners, 520, 521
end joints, 520
exterior finishing of, 810
flashing at openings/corners, 521
installation, 520
materials, 519
preparation, 519, 520

Wood casework, 846–853
cabinets, 846–852
countertops, 852, 853

Wood-fibered plaster, 656, 660
Wood fillers, 801
Wood-finished cabinets, 850–851
Wood flooring, 742–751

maintenance, 751

manufacture, 744–746
materials, 742–744
materials handling, 750, 751
painting interior, 808
parquet flooring, 749–750
plank flooring, 748–749
strip flooring, 746–748
sustainability considerations for, 642

Wood framing, 360–361, 399–412
anchorage for, 360–361
conventional, see Conventional wood

framing
for gypsum board, 645–647, 679–683
heavy timber, 404, 405
laminated timber, 405
nailing practices, 361
National Design Specification for Wood

Construction, 323, 334, 371
plank-and-beam, 400–405
for plaster/gypsum board support, 

644–647
pole construction, 405–412
post-and-beam, 399–400
and sound control, 880–881, 885–886

Wood furring, 644–645
Wood girder or beam, 366, 367
Wood growth, 317, 318
Wood interior primers, 801
Wood nailing strip method, 510
Wood pole construction, 405–412

advantages/disadvantages, 407
construction methods, 408–411
general description, 406–407
on rocky slopes, 410, 412
selection, pole, 408
site preparation, 407, 408

Wood preservative treatment, 355–356
Wood primers, 801–802
Wood roof trusses, 386–388
Wood sheathing, 389–399

preassembled components, 399
subflooring/plywood underlayment,

390–395
wall/roof, 395–399

Wood shingles and shakes:
exterior finishing of, 810
materials, 492–498, 511–513

cedar shakes, 492, 494, 496–498, 512
cedar shingles, 492–496, 511–512
nails, 497, 498, 512, 513
standards of quality, 497, 512

reroofing existing construction, 502–504
residing existing walls, 515
roofing, 492–504
roof preparation, 498–501

chimney/wall flashing, 501
drip edge, 500
eave flashing, 499, 500
flashing, 500–501
roof sheathing, 499

slope limitations/exposure, 498, 499
underlayment/interlayment, 499

roof shake application, 502–504
hips/ridges, 503, 504
nailing, 503, 504
reroofing existing construction, 504
tilted strip at gables, 504

roof shingle application, 501–503
alternate methods, 502, 503
gable rakes, 502
hips/ridges, 502
nailing, 501
reroofing existing construction, 502, 503

siding application, 513–515
corners, 514–515
double coursing, 514
laying out, 513
single coursing, 514

siding preparation, 512, 513
exposure, 512, 513
sheathing paper, 513
wall sheathing, 513

Wood shrinkage, 694, 695
Wood subflooring, 707, 761
Wood treatment, 353–357

design/construction, 354–355
fire-retardant, 357
fungus damage, 353, 354
insect damage, 353, 354
moisture content control, 355
natural decay resistance, 355
nonpressure processes, 356
preservative treatment types, 355–356
pressure processes, 356
standards/certification of quality, 

356–357
Woodwork Institute (WI), 412, 577, 847
Wool, 792
Workability:

of construction plywood, 348
of mortar, 150

Workmanship standards, 9
Work measurement, 1143–1144
Woven carpet, 787–789
Wrought alloys, 273–274
Wrought aluminum products, 276, 277
Wrought steel products, 261–268

extruding, 261, 262
forging, 261, 262
hot rolling/cold finishing, 261–268

Zinc, 298, 542
Zinc chromate, 802
Zinc-dust/zinc-oxide, 802
Zone-marking paints, 805
Zoning codes, 14–15

agricultural, 15
commercial and commercial/residential, 15
factory/industrial, 15
residential, 15
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