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Index

A
Above-grade walls, 235–37

redirection of water flow and, 227
Abrasion resistance, 141, 142
Absorption, 234, 279

in building’s water envelope, 222
Accelerators, 181
Accounting periods, 27–28
Acts of God, 204, 205
Addressable systems, fire alarm, 273
Adhesives, 210
Aggregates, 180

for mortar and grout, 189
Agriculture, U.S. Department of (USDA) System, 

156
Air

in concrete, 174
fresh, 290, 291
make up, 291
moving, through ducts, 284–87

Air conditioning, 282. See also Heating, ventilation, 
and air conditioning (HVAC) system

Air cooling, 281
Air entrainment chemicals, 181
Air gaps, 249
Air pressure in building’s water envelope, 222–23
Air supply, shut off of, in fire control, 264
Air-to-air heat pump system, 296
American Association of State Highway Officials 

(AASHO) System, 156
Amp, 134
Apartments, project reasons for, 40
Appian Way, 75
Arched structures, 216
Arc welding, 209

Area, 23
Army Corps of Engineers system, 44
The Art of War, 76
Aspdin, Joseph, 173
Atoms, 305
Attics, venting of, 233
Attitudes

change in, 120–21
successful, 117–19

B
Baby flashing, 239
Backer rod, 234
Backfilling, 167
Backflow prevention, 244, 249, 250

valves for, 244
Balancing valves, 259
Balloon plugs, 259
Ball valves, 255
Bar charts, 109, 111
Baseline costs

adjusting, for productivity, 87
in estimating, 87
making cost library in establishing, 88–89

Battery backup systems, 273
Beams, 209, 211, 212

building structure and, 207–8
cast-in-place concrete with, 214–15
precast, 214

Beetles, insect control, 148
Below-grade floors, 235
Below grade foundation structure, 217
Below-grade walls, 235
Benching, 165
Bending, 143
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Bends, 285
Bentonite clay, 226
Bernoulli, Daniel, 245
Bernoulli, Johann, 245
Bias, 17–19

on business level, 17
defined, 17
recognizing and controlling, 18–19
view of, as good, 17
workable approaches and, 44

Biologicals, 147
Blacktop paving, 172
Boilers, 277
Bolts, 210

high strength, 209
Bonds, 92
Boundaries, 58

selecting, for observations, 24–25
Break even, calculating, between two decisions, 50
Bricklayers, observation of, 3
Bricks, 186–87

defined, 186
firing of, 187
grades for, 187
making, 186–87
strength of, 187

Brittleness, 142–43
Brooklyn Bridge, 75
Buffalo box, 243
Building

evening out temperatures in, 293–94
making appear more precise, 10
as people business, 53

Building envelope, material properties in good, 
137–39

Building permits, 92
Building structure, 203–20

beams, 207–8, 209
cantilevers, 208
columns, 208, 209
common, and their advantages and disadvantages, 

211–12
compression and, 206
concrete, 212–19
connections, 208–10
dead loads and, 203
diaphragms, 208
earth and water below grade, 204
fire and water resistance, 204

Building structure (continued)
fire ratings, 262
live loads and, 203–4
managing load with elasticity, 205–6
motion and, 207
multiple spans, 208
need for engineering and temporary bracing 

during construction, 216–18
protection against fall, 204–5
safety factors, 205
shear and, 207
tension and, 206–7
torsion (twisting) and, 207
water load and, 204
wind load and, 203–4

Building systems
change in type, 113
water and, 125–32

Building task, ix
Building water envelope, 221–30

above-grade walls, windows, and doors, 227
absorption and, 222
air pressure and, 222–23
capillary action and, 221
controlling chemical and biological  

attack, 224–25
controlling transmission with membranes, 223–24
diffusion and, 222
gravity in movement, 221
managing direction of flow, 221
managing expansion, 225
materials to redirect flow, 226–27
pressure and, 222
resisting fire, 224
roofs, 228–29
safety backups, 229–30
solar radiation and, 224
speed of flow of, 225–26
sub-grade walls and, 226
temperature and pressure changes and, 223
vapor barriers, 228
wind pressure and, 222

Building weather envelope, 125
Built-up roofs, 229
Burdens, applied to labor costs, 89
Bureaucratic management structures, avoiding, 67–68
Burning materials, 148
Butterfly valves, 255
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c
Caissons, 166

capping with reinforced concrete, 166
Cantilevers, 211

building structure and, 208
Capacity of people, 56
Capillary action, 130, 157–58, 159, 234, 252

in building’s water envelope, 221
Capital, counting, 46
Carpenter allocation, 105
Carrier, Willis, 292
Carrier Air Conditioning, 292
Carrying capacity of pipe, 246
Cast in anchorage devices, 210
Cast-in-place concrete, with beams, columns, and 

coffers, 214–15
Cast stone, 188
Caulk elasticities, 143, 234
Caulking, 230
Cement

cold weather placement of, 178
in concrete, 173–74
hot weather placement of, 178
hydraulic, 189
masonry, 189
Portland, 173–74, 189, 191, 196–97

types of, 173
reinforcement in reducing movement, 180
type I, 174

Cement related products in improving performance, 
180–81

Centralized system, rules in, 66
Centrifugal compressor, 280
Change management, 78
Change orders, 78
Character, importance in people, 54
Checks, 249, 258
Check valves, 244, 249
Chemical cure times, 15

as production limit, 104
Chemicals

air entrainment, 181
attacks on materials, 146–48
fireproofing, 224
performance improving, 197
to remove humidity, 282
surface-applied flame retarding, 263

Chemical suppression systems, 270
Chemical warfare for insect control, 148

Chlorine, adding to water, 243
Circular three-step process in designing workable 

project, 44
Classroom education, ix
Clays, 152, 153, 186
Cleanouts, 258
Closed-loop water source heat pumps, 276
Coarse aggregate in concrete, 172
Cock valve, 255
Coffers, cast-in place concrete with, 214–15
Cold, storing, 286–87
Cold weather placement of concrete, 178
Color of soil, 155
Columns, 209

building structure and, 208
cast-in-place concrete with, 214–15

Combustion devices, controlling, 261
Comfort, perceived, 293
Commercial structures, 212–19

choosing, for your purpose, 215
common problems, solutions, and 

misunderstandings, 218–19
earthquakes and, 219
holes in members, 218
horizontal supports, 213–15
hurricanes and, 219
need for engineering and temporary bracing 

during construction, 216–18
reinforcement for heavier load, 218–19
unusual, 216
vertical support, 212–13

Communication
of incentives, 58–59
of rules, 58–59
standard units of measurement in permitting, 22

Compaction
by kneading, 166–67
by tamping, 166–67
by vibration, 166–67

Companies
counting, 46
outside, 14

Compartments
keeping fire and smoke in, 264–65
pressurizing in containing smoke, 264

Completed project, use of, 39
Components, fabrication of off site, 113
Composite materials, 135
Compound meter, 256
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Compression, 135
building structure and, 206
of soil, 153–54

Compressors, 279
centrifugal, 280
helical rotary screw, 280
oil lubrication and hermetic seal, 280–81
reciprocating, 280

Concrete, 171–84
accommodating movement of, 179
additions to, in improving performance, 179–80
air in, 174
alternatives to, 181
cement in, 173–74
chemical resistance of, 146
coarse aggregate in, 172
cold weather placement of, 178
curing, 217
defined, 172
durability of, 171
fine aggregate in, 172–73
hot weather placement of, 178
ingredients of, 171, 172–75
irreversible movement in, 178–79
local production of, 171
low cost of, 171
mixing, 176
need for local material, 171
placing, 176–77
possibilities for, 182
poured-in-place, 212, 217
precast, 213
precast hollow core, 214
reinforcement in reducing movement, 180
temperature of mixing, curing, and setting, 

177–78
temperature when placing, 183
water control in, 182–83
water in, 172

Concrete blocks, 188
Concrete design mixes, 182
Condensers, evaporative, 278
Conduction, 289–90
Conductivity, 138
Connections, building structure and, 208–10
Consistency, importance of, 10
Constant radiation, 147
Constraints, identifying, 46–47
Construct, 75
Construction, soil’s properties for, 155–56

Construction organizations, layers in, 66
Construction projects

levels of observations for, 34
in remote locations, 66

Construction Specification Institute (CSI)  
system, 44, 61

16-section classification system, 34–35, 86
Construction trades, productive time in, 81
Continuous improvement, cycle of, 73
Control joints, 198
Controls

digital electronic systems, 287
feedback and, 71–73
pneumatic systems, 287

Convection, 290, 296
Conventional time measurement periods, 27–28
Cooling

age of, 275
production of, 278–79
in removing humidity, 282
water in, 132

Cooling equipment, range and capacity of, 127
Cooling production machines, 278
Cooling towers, 281
Copings, covering, 239–40
Copley Square office building (Boston), 207
Cost indexes, 89
Cost library, making, in establishing baseline unit 

costs, 88–89
Costs, 86

baseline
adjusting, for productivity, 87
in estimating, 87
making cost library in establishing, 88–89

breaking down
into labor, 86
into material, 86
into subcontractors, 86
into vendors, 86

effect of assumptions about, on materials, 94
electrical energy, 294
estimates of, in project management, 77
of innovation, 15
labor, 86, 87, 89
market boom and busts effect on, 95
of moving earth, 168–69
risk in modifying, 95
in schedule planning, 101
soft, 92

Coulomb, 134
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Coulomb, Charles Augustine, 134
Creep, 179, 206
Critical path, 104

adjustments to, 114
Critical Path Method (CPM), 111

scheduling, 109
Critical Radiant Flux, 149
Cultured stone, 188
Curing, shrinkage during and after, 178–79
Current, 305
Curtain walls, 237–38
Customs, recognizing, 57
Cut stone, 188

d
Dead loads, building structure and, 203
Decay, 147
Dehumidification, 131, 297
Deionization, 125–26
Deluge systems, 269
Demand meters, 294
Density of soil, 154
Desiccants, 282
Dewatering, 164–65
Diaphragms, building structure and, 208
Dielectric unions, 257
Diffusion in building’s water envelope, 222
Digital electronic systems, 287
Discounts, prompt payment, 89
Disk (displacement) meter, 256
Dispersion of water, 130
Displacement meter, 256
Dissatisfactions, 18
Distance separation, 291
Distillation, 125–26
Distributed knowledge system, 65

feedback and control in, 71
people in, 66–67

Doors, 237
above-grade, 227
in fire-rated wall, 266
redirection of water flow and, 227

Double checks, 249
Double-width masonry walls, 236
Drain field, 253
Drains, gravity, 245–46
Drop-dead dates, 28
Drop-dead times, 14–15
Dry pipe systems, 269

Ducts, moving air through, 284–87
Ductwork, sealing, to limit leakage, 285
Dump fees, 92
Durawall, 196
Dynamic loading, 167

e
Earth, cost of moving, 168–69
Earth pressure

construction precautions for, 162–63
managing, 162

Earthquakes, building structures and, 219
Earthwork

approach for successful operations, 169
time and money in, 169

Earthwork contractor, observation of, 3
Eccentric loading, 193
Economizer, 297
Efflorescence, 200
Ego, controlling your, 120–21
EIFS, 232
Elasticity, 143

managing load, with, 205–6
Electrical conductivity, 139
Electrical energy costs, controlling, 294
Electrical grounding, through water service, 244–45
Electrical power, 305
Electrical reheat coils, 299
Electrical resistance, 277
Electric heat, 276
Electricity, effect of, on chemical attacks, 146–47
Electro-osmosis, 165
Employee list, sorting, 34
Employee pay periods, 27
Energy in quantitative observation, 4
Environment, cooling from surrounding, 278
EPDM, 229
Epic projects, 12
Equipment

counting, 46
in schedule planning, 99
for temporary work, 92

Estimates
in achieving target project costs, 91–96
adequate precision in, 88
checking, during preparation, 90
comparing expected results with, 90
information organizational system in preparing, 

85–87
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Estimates (continued)
of labor costs, 87
of material costs, 87
of subcontractor costs, 88
of vendor costs, 88
verification of, 13–15

Evaporation, 252
cooling and, 278

Evaporative condensers, 278
Examples in improving productivity, 83
Exhaust, 291

general, 291
kitchen, 291–92
toilet, 291

Exhaust fan, wall-mounted, 295
Expansion, 137–38

accommodation of, 233
temperature change as cause of, 225

Expansion-absorbed water, 130–31
Expansion loop, 257
Expectations

comparing, with estimates, 90
in increasing momentum, 29–30
influence on reality, 94–95

Exploration tests, 169
External insulation, 285
Extraordinary events, 115

f
Fabric structures, 216
Face and bypass system, 293
Facts

as building blocks of judgment, 123
as building blocks of knowledge, 123

Failure, accepting, 117
Fan coil unit or convector, 296
Feedback

control and, 71–73
process improvement and, 72–73

Fees, dump, 92
Fiber mesh concrete, 180
Field experience, project manager’s need for, 77
Fine aggregate in concrete, 172–73
Fire, 148
Fire alarm systems, 271–74

addressable, 273
monitoring of, 273

Fire alarm zoning and notification, 272–73

Fire barriers, 265
masonry as, 200

Fire control, by limiting fire’s fuel and air, 263–64
Fire control panel, 273
Fire dampers in HVAC ductwork, 265–66
Fire exit corridors, 266–67
Fire extinguishers, 273–74
Fire hydrants, 267
Fire prevention system, 261
Fireproofing, 265

chemicals, 224
materials, 204

Fire protection line, 268
Fire protection piping, water in, 267–68
Fire protection sprinkler(s), 267–71

distribution of water, 268
Fire protection sprinkler heads

activating, 269–70
location of, 270–71
spacing of, 271

Fire pump, 267
Fire-rated walls

doors in, 266
windows in, 266

Fire ratings for building structures, 262
Fire resistance, 149–50
Fire resistance, building structure and, 204
Fire-resistant materials, 224
Fire retarding additives, 263
Fire safety, 261
Fire stopping, 265
Fire-suppression systems, 261
Fixture unit calculations, minimum pipe sizes and, 

247–48
Flame spread, 148
Flammable materials, use of less, 263
Flashings, 199, 229

baby, 239
covering, 239–40
to flashing joints, 239

Flat organizational structures, workability of, 66
Flat roofs, 238–39
Flexible membranes, 234
Floors

below-grade, 235
redirection of water flow and, 226–27
slab on-grade, 235
vinyl asbestos tile (VAT), 226

Flow alarms, 272
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Flow control valves, 255
Flow switch, 268
Fluorine, adding to water, 243
Fly ash, 180–81
Footings, 165
Forced air systems, 296–97
Force in quantitative observation, 4
Ford Motor Company

centralized system of, 67
distributed system of, 67

Fossil fuels, 277
Foundation contractor, observation of, 3
Foundation types, 165–66
Freefall, 176
Freeze thaw, 147
Freezing of surrounding soil, 164
Fresh air, 290, 291
Friction, 141–42

natural, 141
Friction loss, 284–85

sources of, 285
Frogs, masonry, 186
Fuel

heating by burning, 276
shut off supply of, in fire control, 264

g
Galvanic action, 146–47
Gantt, Henry, 109
Gantt chart, 109
Gaps

covering, 239–40
isolating with, 234

Gate valve, 255
General exhaust, 283, 291
Geotextiles, 167
Geothermal heating, 276
GI Bill, 76
Glass, redirection of water flow and, 227
Glass block, 188
Glazed clay tile, 188
Globe valve, 255
God, acts of, 204, 205
Good enough, determining, 9–10
Government agencies, use of bureaucratic model, 67
Government projects, project reason for, 41
Government regulations, impact on project, 15
Grade, effect of assumptions about, on materials, 94
Gravel, 152

Gravity
in moving water, 129
in moving water in pipes, 245
in water movement, 221

Gravity drains, 245–46
Grease trap, 251
Great Pyramids, 75
Great Wall of China, 75
Grout, aggregate for, 189

h
Hair traps, 251
Halon fire extinguisher, 274
Halon systems, 269–70, 273
Hand construction circle of worker operations, 48
Hardness, 142
Hard water, 251
Hazard types, 262–63
Heat detectors, 272
Heat ejection devices, 281
Heat exchanger, 277
Heating

age of, 275
by burning fuel, 276
effect of, on chemical attacks, 146–47
efficiency of equipment, 127–28
electric, 276
in expansion of components, 137
geothermal, 276
solar, 276
steam, 277
storing, 286–87
water in, 132

Heating, ventilation, and air conditioning (HVAC) 
system, 131, 289–303

commonly used, 294–95
fire dampers in ductwork, 265–66
heating and cooling task, 289
heating distribution methods, 289–90
for human occupants, 296–300
for large commercial buildings, 298–99
for medium office buildings, 298
regulation of moisture in air by, 125
single purpose, 295
for small commercial spaces, 297–98
ventilation, 290–91

Heating production machines, 277
Heat pumps, closed-loop water source, 276
Heat pump system, air-to-air, 296
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Heat-resistant glass, 266
Heat transmission, 138–39
Helical rotary screw compressors, 280
Henry, 134
Henry, Joseph, 134
Hertz, 134
Hertz, Heinrick, 134
High productivity, 29–30
High strength bolts, 209
Holes in structural members, 218
Hollow clay tile, 188
Home office overhead, 93
Horizontal pressure, 162
Hot deck-cold deck duct system, 299
Hotel interior construction, project reason for, 41
Hot water heaters, 250
Hot water re-circulating lines, 258
Hot water storage, 250
Hot weather placement of concrete, 178
Human occupants, HVAC systems for, 296–300
Human variation, existence of, 8
Humidity, 278

acceptability for human comfort, 131–32
achieving an ideal, 283
chemicals to remove, 282
controlling, 282–83
cooling to remove, 282
variation in, by location, 131
water or steam to increase, 282

Humidity control, 128
laminar flow equipment, 301

Hurricanes, building structures and, 219
Hydraulic cement, 189
Hydraulic cycle, 243
Hydraulic systems, 126

i
Ice dams, 233
Impressions

qualitative, 12–13
in qualitative observation, 4–5
quantitative, 12–13

Incentives
communication of, 58–59
managing people with, 57–59
as quantifiable goals, 18
use of stated goals and feedback in, 58

Independent sources, verification from, 25

Indivisible units, 24
Industrial production time, 109
Industry standards for tolerances, 8
Infection control, 301
Information

availability of, in increasing productivity, 82
counting, 46
gravity flow of, 58–59
managing, 61–63
organizational structure for, 43–44

Information organizational system in preparing 
estimate, 85–87

Information systems in project management, 77
Informed decisions, quantitative and qualitative 

observations in making, 5
In-line heating elements, 250
Innovation, costs of, 15
Insects, 148
Instructions for task execution, 58
Insulation, 258

external, 285
internal, 285

Interior designer, observation of, 3
Internal insulation, 285
Intuition

in determining workable approach, 43
use of, in designing workable approach, 44

Irreversible movement
in concrete, 178–79
water as cause of, 137–38

j
Job costing

in project management, 77
scheduling for, 115–16

Job site
density, 47
duration of activities, 103
supervision and management for temporary work, 

92
walkthrough, 63

Joints
flashing to flashing, 239
location of, 210

Joule, 134
Joule, James Prescott, 134
Judgments

altering initial, 63
facts as building blocks of, 123
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Judgements (continued)
ignorant, 63
need for facts in making, 63
talking about, 62

k
Kitchen exhaust, 291–92
Kneading, compaction by, 166–67
Knowledge, facts as building blocks of, 123

l
Labor

quantity of, 13
in schedule planning, 99

Labor costs
breaking down, 86
burdens applied to, 89
estimating, 87

Labor productivity, 81–82
Lake turnover, 127
Large commercial buildings, HVAC systems for, 

298–99
Large projects, 12
Large shop, 14
Lateral bracing, 217
Lateral stability, 208
Layers in construction organizations, 66
Lead and lag times, 106
Length in quantitative observation, 4
Liability insurance, 92
Life safety measures, purpose of, 261–62
Light

gas, and liquid detectors, 272
in quantitative observation, 4
structures made with struts, 216
transmission of, 139

Lime, 189–90, 191
Limestone, 172
Linear measures, 23–24
Lint trap, 251
Liquid water direction management, 232
Litigation, 116
Live loads, building structure and, 203–4
Loads

managing, with elasticity, 205–6
reinforcing heavier, 218–19

Long narrow operations, 48
Lost opportunities, time as cause of, 29

m
Machine operation circle of required  

area, 47
Mains and branches (horizontal), 268
Make up air, 291
Management, tasks handled by, 61
Management system, failure and, 119
Man made changes, water flow and, 225–26
Manpower, need for, in mechanization, 65–66
Manufacturing

process improvement techniques in, 72–73
project reason for facility, 40
similarity of methods, 8

Market boom and busts, effect on costs, 95
Masonry, 185–202

assembling pieces, 194–95
assembling pieces and ingredients into building, 

193–202
constant movement of, 197–98
defined, 185
as fire barrier, 200
importance of water in, 185–86
performance improving chemicals, 197
physics and chemistry influence, 196
reinforcing steel, 196
sound reduction in, 201
strength of, 185
water storage in, 199

Masonry cement, 189
Masonry is impact resistant, redirection of water flow 

and, 227
Masonry piece orientation, 195
Masonry walls, 212, 235–36

double-width, 236
managing water in finished, 198–200
strength of, 193–94

Massive projects, 12
Material(s)

breaking down costs for, 86
counting, 46
determining unit costs, 89
effect of assumptions about grade and cost, 94
quantities of, 13–14
in schedule planning, 99
time in obtaining, 50

Material cost estimating, 87
Material properties, 133–40

abrasion resistance, 141
brittleness, 142–43
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Material properties (continued)
complexity and specialization of, 134
compression, 135
conductivity, 138
decision making and, 133–35
elasticity, 143
electrical conductivity, 139
expansion, 137–39
friction, 141–42
in good building envelope, 137–39
for good structure, 135–36
hardness, 142
heat transmission, 138–39
light transmission, 139
purpose of understanding, 135
sound conductivity, 144–46
strength to weight and strength to cost ratios, 

135–36
tension, 135
units of measurement in, 134–35
water transmission, 143–44

Matrix structures, division of, 68–69
Maximum jobsite density as production limit, 104
Measurement in quantitative  

observation, 4
Mechanical pumping, 165
Mechanization, need for manpower in, 65–66
Medical facilities and laboratories, HVAC system for, 

301
Medium office buildings, HVAC systems for, 298
Medium projects, 12
Medium size shop, 14
Membranes, contrasting water treatment with, 

223–24
Metal joists and deck, 213
Metals, redirection of water flow and, 227
Metal siding, 236
Micromanagement, 119
Milestones, 28–29

in defining activity grouping, 103–4
Minerals, removing, by softening to reduce buildup 

in pipes and valves, 251
Mixed-use facility

costs and time of, 40
design problems of, 40

Mobility restriction, reducing, in work area, 82–83
Modified bitumens, 229
Mold, 147, 224

Momentum
expectations in increasing, 29–30
in improving productivity, 83
in increasing productivity, 29

Money in quantitative observation, 4
Money management, 77
Mortar, 190–91

aggregate for, 189
Mortar joints, 199
Motion

building structure and, 207
studies of, 109

Motivation of people, 56
Multiple spans, building structure and, 208
Multiple types of wet fire protection systems, 270
Municipal shutoff valves, 243
Municipal water service, 243

n
Nails, 210
National Fire Protection Association (NFPA 13), 271
Natural friction, 141
Natural tendencies, people and, 54
Newton, 134
Newton, Isaac, 134
Nonpayment by owner as risk, 95
Non-water liquids, removing on site, 251

o
Objective facts in sorting observations, 34
Observations

checking and reproducing, by another party, 25
clear, in organization, 1
defined, 21
organizational structure in organization of, 31–35
by outsiders, 21
precision in, 7–10
project participants by, 22
purpose of, 3–6
qualitative, 4–5
quantitative, 4

in combination with qualitative, 5–6
selecting boundaries of, 24–25
sorting by objective facts of, 34
variances in, by purpose of observer, 3–6
variation in, 7–10
verification of, by independent sources, 25
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Observer, variances in observations by purpose of, 
3–6

Obstacles
identifying, 46–47
in killing project, 15

Occupancy types, 262–63, 302
Office overhead and profit, 93
Offset masonry bonds, 195
Ohm, 134
Ohm, George Simon, 134
Oil separators, 251
One-man shop, 14
Open flame space heaters, reduction in, 261
Organics, 152
Organic soils, 156
Organization, clear observation in, 1
Organizational structures

bureaucratic, 67–68
centralized, 66
distributed knowledge, 65, 66–67, 71–72
establishing purposes for, 32–33
for information, 43–44
managing people with, 65–69
matrix, 68–69
in organizing observations, 31–35
top-down, 65, 71
unusefulness of, to project, 35
workability of flat, 66

Organizations systems, characteristics of, 33–34
Organized facts, use of, in designing workable 

approach, 44
Oriented strand board (OSB), 137–38, 144
Osmosis, reverse, 125–26
Outlook, change in, 120–21
Outside companies, 14
Outsiders, observations by, 21
Overlap activities, 106
Owner activities, unanticipated changes in 

productivity due to, 95

p
Pads, 165
Panama Canal, 75
Particle sizes, 153
Pascal, 134
Pascal, Blaise, 134
Penetrations, covering, 239–40
Penetration tests, 169–70

People
capacity of, 56
counting, 45
effect of bias on, 17–19
including nature of, in project planning, 53–56
managing, 61–63

with organizational structures, 65–69
with rules and incentives, 57–59

motivation of, 56
natural tendencies of, 55
in quantitative observation, 4
speed of decision for, 55
things and, 54–55
time horizons for, 55
work as part of identify of, 53–54

Perceived comfort, 293
Percolation test, 253
Performance, cement related products in improving, 

180–81
Performance Evaluation and Review Technique 

(PERT), 109
Perimeter cooling, 300
Permanent projects

completing costing of, 88
estimating costs of, 94

Permeability of soil, 154
Petroleum-based membranes, 228–29
Petroleum type membranes, 235
Pigment, 191
Piles, 165–66

capping with reinforced concrete, 166
Pipes

achieving health and purity of water in, 249–50
carrying capacity of, 246
expansion of, 256–57
flow of heating and cooling water through, 286
maintaining water purity in loop, 248–49
minimum sizes of, 247–48
moving water in, 245–46
sizing of, 247
support for, 256

Plant materials, 228
Plasticity of soil, 155
Plastics, redirection of water flow and, 227
Plumbing, 243–60
Plumbing fixtures, 259
Plumbing materials and devices, 253–54

piping materials, 253, 254
cast iron, 254
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Plumbing materials and devices (continued)
clay tile, 254
copper, 253
glass, 254
grades and specifications for each, 254
lead, 253
plastic, 254
steel, 254

Pneumatic systems, 287
Portland cement, 173–74, 189, 191, 196–97

types of, 173
Post tensioning, poured-in-place concrete flat slabs 

with, 215
Potential difference, 305
Poured-in-place concrete, 212, 217
Poured-in-place concrete flat slabs

with post tensioning, 215
with reinforcing steel bars, 214

Power exhaust device, 297
Power in quantitative observation, 4
Preaction systems, 269
Precast beams, 214
Precast concrete, 188, 213
Precast hollow core concrete, 214
Precision

adequate, in estimates, 88
communicating, 10
getting best from level of, 9–10
increased, 9
in observations, 7–10
for purpose, 7–8
realizing optimal level of, 8–9
in tolerant fit, 10

Predecessors for activities, 98–99
Prejudice, 17
Preloading, 167
Pressure

impact on water, 125–29
in moving water, 244

Pressure control, 255–56
Pressure-reducing valve, 255–56
Pressure relief valves, 256
Pressure tests, 259
Priorities, setting your, 41–42
Private shutoff valves, 243
Private water service, 243
Process exhaust systems, 283, 292
Process improvement, feedback for, 72–73

Proctor test, 154
Production limits, 47–48

in project scheduling, 104
Productivity, 81–83

adjusting baseline costs for, 87
example and momentum in improving, 83
factors affecting, 72
high, 29–30
information in increasing, 82
labor, 81–82
managing travel time in improving, 82
measuring, 81
momentum in increasing, 29
reducing mobility restriction in work area, 82–83
studies of, 82

Products, increased knowledge needed in using, 
65–66

Project(s). See also Workable projects
determining scale, 12
effect of bias on, 17–19
estimating costs to determine and confirm 

workable approach, 85–90
“look and feel” of, 12
nature of, 12
obstacles in killing, 15
purpose of, 37

Project estimating process, 62–63
Project funding dates, 28
Project ingredient evaluation, 13–15
Project management, xi, 75–79

change management and, 78
factors in development of, 76
finance in, 77
focus of, 75, 76–77
history of, 76
specific purpose with defined end in, 77
value engineering and, 78

Project managers
need for field experience, 77
skills and knowledge of, 77–78

Project owners, view of office overhead, 93
Project participants

observations by, 22
relevant time periods established by, 28–29

Project personnel, organization of, 37
Project planning, including nature of people in, 53
Project purpose

defined, 37
product, cost, and time in, 37
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Project reason
in defining workable project, 39–40
identifying, 40–41

Project schedule dates, 28–29
Project scheduling, production limits in, 104
Project start date, changing, 113
Project success, choosing to make normal, 117–21
Project use in defining workable project, 39–40
Prompt payment discounts, 89
Psychometric charts, 292
Public sewers, 252
Pull stations, 272
Pumps in moving water in pipes, 245
Pure water, 125
Purpose, precision for, 7–8

q
Qualitative impressions, 12–13
Qualitative observations, 4–5

impressions in, 4–5
quantitative observation in combination with, 5–6

Quantitative impressions, 12–13
Quantitative observations, 4

in combination with qualitative observation, 5–6
measurement in, 4

Quarried stone, 188
Quartz rock, 172
Quicklime, 189–90

r
Rack storage in warehouse, 270–71
Radiant cooling, 290
Radiation, 290, 296

constant, 147
Radiation heating and cooling zone control, 300
Reality, expectation influence on, 94–95
Rebar, 179–80
Reciprocating compressor, 280
Re-circulating lines, 258
Record keeping in construction, 72
Reduce pressure valve (RPZ), 249, 250
Refinement, cycle of, in achieving workable approach, 

50–51
Refrigerants, 279–80

managing, 281
Reinforcement in reducing concrete movement, 180
Reinforcing steel, 191, 195, 212, 214

Reinforcing steel bars, poured-in-place concrete flat 
slabs with, 214

Relative humidity, 128
Resource assignment, 102
Resources in schedule planning, 107
Retarders, 181
Reverse osmosis, 125–26
Reversible movement, 179

water as cause of, 138
Risers (vertical), 268
Risk, cost in modifying, 95
Rivets, 209
Road use, permits for, 92
Rollers, 257
Roofs, 228–29

built-up, 229
flat, 238–39
sloped, 238

Rooftop HVAC units, 297–98
Roof water load, 204
Rot, 147, 224
RS Means, 89
The Rule of St. Benedict, 76
Rules

communication of, 58–59
managing people with, 57–59

Running bond, 195

s
Safety backups, 229–30
Safety factors, building structure and, 205
St. Benedict, 76
Sand, 152, 153
Sanitary sewer systems, wastewater in, 252
Sanitary waste piping, 259
Sanitization, 250
Satisfactions, 18
Scarce resources as production limit, 104
Schedule implementation and management, 109–16

adjustments in, 114
radical related changes, 113–16
reaction of people in, 110–11
updates in, 115

Schedule planning, 97–107
activities in, 97–99
adjustments for improvement, 106–7
cost in, 101
equipment in, 99
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Schedule planning (continued)
evaluation of approach, 104–5
grouping activities in, to aid understanding and 

monitoring, 103–4
labor in, 99
material in, 99
resources assigned to activities in, 99–102
resources in, 107
time for activities in, 103
uselessness of, without estimating information, 

102
working calendar in, 99, 101, 107

Schedules
as bottom up activity, 110
breaking, into sections, 72
in helping refine improve workable approach, 111, 

113
for job costing and management, 115–16
updates in schedule implementation and 

management, 115
Scheduling programs, 37
Scheduling systems

beginning of, 109
management and control in, 109–10

Scheduling tools in project management, 77
Screws, 210
Scroll compressor, 280
Seasonal variation, impact of normal, 95
Seasons, 28
Self control, requirements in, 71–72
Self-extinguishing materials, 149
Septic fields, 253
Septic systems, 253
Sewer gas, 252–53
Shear

building structure and, 207
strength of, 161–62

Shear walls, 217
Sheeting, 163
Shrinkage, during and after curing, 178–79
Shutoff valves, municipal and private, 243
Siamese connections, 268
Siding

metal, 236
wood, 236

Silt, 152
Single family residential, 211
16-section classification system, 34–35, 86
Slab on-grade floors, 235

Slip joints, 234
Sloped roofs, 238

venting for, 238
Slump, 176, 191
Slurry walls, 163–64
Small commercial spaces, HVAC space for, 297–98
Small projects, 12
Small shop, 14
Smoke, pressurizing compartments in containing, 

264
Smoke detectors, 271, 272
Smoke developed material, 149
Snow load, 204
Soft costs, 92
Soil, 151–59

color of, 155
components of, 152
compression of, 153–54
density of, 154
flow of water through, 157
freezing water in expansion, 159
getting paid for, 168–69
improving strength of, 166–67
memory of, 155
mixing, 167
movement of, 161
particle size, 153
paying for, 169
permeability of, 154
plasticity of, 155
settlement of, 161
strength of, 155–56, 161–62
water impact on, 157–59
water in determining strength of, 158
water in increasing weight of, 159
weight of, 153

Soil classification systems, 156–57
Soil mixtures, 156
Soil particle workability

color of, 155
compression of, 153–54
density of, 154
permeability of, 154
plasticity of, 155

Soil-testing methods, 169–70
Solar heat, 276
Solar radiation in building’s water envelope, 224
Soldier beams and lagging, 163
Solid rock, 152
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Solids, removing on site, 251
“Sort and set in order” characteristics, 34
Sound conductivity, 144–46
Sound reduction in masonry, 201
Sound traveling, stopping, through heavy materials, 

145
Space frames, 216
Special project divisions, 66
Speed of decision for people, 55
Spring isolators, 257
Standard industry terms, use of, 61–62
Standard Oil Building (Chicago, IL), 138
Standard units of measurement in permitting 

communication, 22
Steam, addition of, in increasing humidity, 282
Steam boilers, 277
Steam heat, 277
Steel bridging, 213
Steel framing, 212
Stops, 257
Storefront walls, 237–38
Strainers, 251, 257
Strategic planning, 77
Strength of soil, 155–56
Strength to cost ratios, 135–36
Strength to weight ratio, 135–36
Structural members, holes in, 218
Structural steel, 217
Struts, light structures made with, 216
Subcontract items, detailed records on, 89
Subcontractors

breaking down costs for, 86
estimating, 88

Sub-grade walls, redirection of water flow and, 226–
27

Subprojects in defining activity grouping, 103–4
Successors for activities, 98–99
Surface-applied flame retarding chemicals, 263
Synthetic stucco cladding, 236–37
System commissioning, 301
System testing and balancing, 301–2

t
Tamper alarms, 272
Tamper-and-flow signal, 272
Tamper switch, 268
Tamping, compaction by, 166–67
Taps, 258

Target costs
acceptable, in workable approach, 85
estimating to achieve, 91–96

Tasks
instructions for execution, 58
studying and making improvements in, 73

Taylor, Fredrick, 76, 109
Temperature control for mixing, setting and curing is 

crucial, 177–78
Temperature when placing concrete, 183
Temperature relief valves, 256
Temperatures

acceptability for human comfort, 131–32
evening out, in building, 293–94
impact on water, 125–29
variation in, by location, 131

Temperature steel, 180
Template, use of reusable in estimating costs, 86
Temporary retention structures, 163–64
Temporary retention walls, bracing of, 164
Temporary structure design, 217–18
Temporary structures and facilities for temporary 

work, 92
Temporary work, 91

costing, 91
equipment, vehicle, and small tools for, 92
general and special conditions for, 91
job site supervision and management for, 92
structures and facilities for, 92

Ten Commandments, 58
Tension, 135

building structure and, 206–7
reinforcing to add strength in, 179–80

Tension-compression strengths, 135–36
Termites, control of,148
Terms, defining your, 61–62
Tesla, 134
Tesla, Nikola, 134
Thermal break, 237
Thermostatic valves, 296
Time

continuous, 27–30
conventional measurement periods, 27–28
costs of, 27, 29–30
in quantitative observation, 4
standard measurement units of, 27–28
value of, 29–30

Time-concrete, 183
Time horizons for people, 55
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Time limits
crew size by task requirements or maximum 

efficiency, 49
cure time of materials, 49
to hours worked in a week, 49
moisture reduction, 49
to obtain material and train personnel, 50
sequence of operations, 50

Time periods
for multiple project participants, 28
relevant, established by project participants, 

28–29
Times, possible construction, 14–15
Toilet exhaust, 283, 291
Tolerance, industry standards for, 8
Tolerant fit, precision in, 10
Tools for temporary work, 92
Top-down approach

command and control structure, 65
feedback and control in, 71

Torsion (twisting) building structure and, 207
Toyota Company

centralized system of, 67
distributed system of, 67

TPO, 229
Training of personnel, 50
Travel time, reducing, in improving productivity, 82
Triple basin oil separator, 251
Trouble alarms, 272
Truthful statement, critical nature of, 41
T shapes, 214
Turbine meter, 256
Type I cement, 174

u
Unbiased, claims of being, 17
Underwriters Laboratories (UL), 262, 264
Unified Soil Classification System, 155, 157, 170
Unproductive time, reducing, 81–82
Usable strength, 161–62

v
Vacuum breakers, 249, 258
Value engineering, 75, 78
Valves, 249

backflow prevention, 244
balancing, 259
ball, 255

Valves (continued)
butterfly, 255
check, 244, 249
cock, 255
flow control, 255
gate, 255
globe, 255
municipal shutoff, 243
pressure control, 255–56
pressure-reducing, 255–56
pressure relief, 256
private shutoff, 243
reduce pressure, 249, 250
shutoff, 243
temperature relief, 256
thermostatic, 296
water meter, 256

Valve stem, 243
Vapor barriers, 228, 236
Variable air volume (VAV), 299
Variable volume and temperature (VVT), 299
Variation

existence of, 8
in observations, 7–10

Vehicle for temporary work, 92
Velocity, ductwork and, 284
Vendor cost estimating, 88
Vendors

breaking down costs for, 86
detailed records on equipment purchased by, 89

Ventilation, 283–84, 290–91. See also Heating, 
ventilation, and air conditioning (HVAC) 
system

components of, 283–84
Ventilation zone control, 299–300
Venting

of attics, 233
of sloped roofs, 238

Vents, 252
Verification, from independent sources, 25
Versailles, 75
Vertical earth pressure, 162
Vibration, compaction by, 166–67
Vinyl asbestos tile (VAT) floors, 226
Volt, 134
Volta, Count Alessandro, 134
Voltage, 305
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w
Wall-mounted exhaust fan, 295
Walls

above-grade, 235–37
below-grade, 235
curtain, 237–38
fire-rated, 266
masonry, 235–36
shear, 217
slurry, 217
storefront, 237–38
strength of, 193–94
temporary retention, 164

Warehouses
hazards in, 262–63
rack storage in, 270–71
shelves of, 270–71

Waste line air pressure, managing, 252–53
Waste treatment systems, 252
Wastewater in sanitary sewer systems, 252
Water

absorption in expansion and contraction, 225
addition of, in increasing humidity, 282
attraction of, to surfaces, 129–30
boiling point of, 127–28
building systems and, 125–32
as cause of irreversible movement, 137–38, 138
components of, 243
in concrete, 172
in cooling, 132
density of, 126–27
in determining strength of soil, 158
directing away from site, 235
dispersion of, 130
effect on people and building systems, 131–32
expansion-absorbed, 130–31
in expansion of components, 137
flow of, through soil, 157
freezing, in soil expansion, 159
freezing point of, 127
hard, 251
in heating, 132
heating, for sanitation and comfort, 250
impact on soil, 157–59
importance of, in masonry, 185–86
managing, in finished masonry wall, 198–200
movement of, 129–30
moving, in pipes, 245–46
perception of, 186

Water (continued)
pressure impact on, 125–29
pressure in moving, 130, 244
providing, to site, 243
pure, 125
resisting force of moving, 248
slowing or redirecting movement for human 

comfort, 231–41
temperature impact on, 125–29
temperature of, 126–27
as temperature stable, 128–29
volume of, 126–27
weight of, 126

Water-cement ratio, 175
Water coils, 299
Water control in concrete, 182–83
Water cooling, 281
Water curtain, 266, 270
Water flow

materials to redirect, 226–27
speed of, 225–26

Water load, building structure and, 204
Water meters, 244, 256
Water pipe, killing bacteria in, 250
Water pressure in building’s water envelope, 222
Waterproofing, 199, 232
Water purity

achieving, in pipes, 249–50
maintaining, in piping loop, 248–49

Water reducers, 181
Water resistance, building structure and, 204
Water service, 244

control of, for maintenance, billing, and purity, 
243–45

electrical grounding through, 244–45
Water shedding, 199, 232
Water shedding system, 236
Water softeners, 251
Water storage, 232

in masonry, 199
Water storage system, masonry walls as, 236
Water table, raising and lowering, 167
Water transmission, 143–44
Water treatment, controlling with membranes, 

223–24
Water vapor direction management, 232
Watt, 134
Watt, James, 134
Weekly time period, 28
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Weeps, 199, 230, 234
Weight, 24

in quantitative observation, 4
of soil, 153
soil’s water in increasing, 159

Welded wire fabric, 180
Welding, 209
Wet fire protection systems, multiple types of, 270
Wet pipe systems, 269
Wind load, building structure and, 203–4
Wind loading, 194
Window contractor, observation of, 3
Windows, 237

in fire-rated wall, 266
redirection of water flow and, 227

Wind pressure, 252
in building’s water envelope, 222

Wood, redirection of water flow and, 227
Wood shingles, 228
Wood siding, 236
Wood structures, 213
Workable approaches, 11–16, 43–51

checking and adjusting execution of, 71–72
counting work items, 45–47
cycle of refinement in achieving, 50–51
defined, 11
estimating project costs to determine and confirm, 

85–90
factual framework in, 43–44
finding probable, 11
intuition and organized facts in designing, 44–45
intuitive understanding in, 43
qualitative and quantitative impressions in, 12–13
rules and incentives in, 57–59
steps in creating, 11

Workable projects
production limits in, 47–48
reasons for, in defining, 39–40
time limits in, 49–50
use of, in defining, 39–40

Workable purpose, defining, 39–42
Work activities in schedule planning, 97–99
Work area, reducing mobility restriction in, 82–83
Work as aspect of people’s identity, 53–54
Work day, productive work in, 81–82
Working calendar in schedule planning, 99, 101, 107
Work items, counting, 45

z
Zenolite, 251
Zero slump concrete, 176
Zone control, achieving even temperature and 

humidity with, 293–94
Zone temperature control, 299
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