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SUBJECT INDEX

AADT
(see Annual average daily traffic)
AADT/hourly volumes
(see Hourly volumes/AADT)
Access control
definition, 8
without access control, 280-337
(see specific roadway type)
Adjustment factors
" (see Factors affecting capacity and service
volume)
Alinement
definition, 93
effect of restrictions, 94, 262, 291, 301, 308
effect on capacity, multilane rural highways,
291
effect on speed, 95
Annual average daily traffic (AADT)
definition, 16
related to hourly volumes, 36-42
Areas, types of
definitions, 19
Arterials
(see Urban and suburban arterials)
At-grade intersections
(see Intersections at grade)
Auxiliary lanes
definition, 10
(see Roadway factors affecting capacity)
Average overall travel speed, 319, 323

Basic capacity, 2
Bottlenecks
break points, 67
breakdown conditions, 330
congestion index, 56
critical density, 60, 62
critical vs maximum density, 68
definition, 19
forced flow, 250-251
unstable flow, 250
(see also Spacing and headway character-
istics)
Bridges and tunnels
bus volume, 342
maximum observed volumes, one-way, 27-28
maximum observed volumes, two-way, 23-27
Bus
definition, 15
Bus lanes
effect on capacity, 340, 345
Bus operations
acceptable headways, 347
intersection effects, 143-145
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Bus stops, 346
effects on capacity, 124-125
far-side bus stop, 124, 142, 144-145
mid-block bus stop, 125
mid-street bus platform, 125
near-side bus stop, 124, 142-144
freeway, 348
loading and unloading time, 344
minimum length, curb loading zones, 348
Bus transit
characteristics, 338
effects on capacity, 340
equivalency factors, 345
intersection capacity, 129, 345
peak-hour volumes, 340-342
reserved transit lanes, 340, 345
transit in CBD, 338
uninterrupted flow headways, 342-343
Buses
adjustment factors, 143, 260
adjustment factors, multilane, 290
adjustment factors, two-lane, 307
passenger car-bus equivalent, 260, 306
passenger car/bus equivalent, multilane, 289
passenger car/truck/bus equivalent, 287
passenger car/truck/bus equivalent, two-lane,
304, 306
effect on capacity, 142
loading zone length, 348
on and off time, 346
peak-hour volumes, 340-342
signalized intersections, 124-125
speed on sustained grade, 104

»

Capacity
basic, 2
bus transit, effect on, 340
definitions, 5-22
index to, 20-21
freeways and expressways with “ideal” geo-
metrics, 246
ideal, 2
intersection, predicted vs actual, 112
lane markings, effect on, 128
limiting measures, 5-6
multilane rural highway, 294
physical characteristics, effects of, 113
possible, 2, 5, 87
practical, 2, 87
prevailing conditions, 6
signalized intersections,
146-155
time period, 2
three-lane highway, 318

typical examples,
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travel desires, 2
two-lane highway, 299, 309
typical conditions, 3
urban and suburban arterials, 320-333
(see Intersection capacity, Levels of service,
Ramps, Weaving sections)
Capacity and level of service
capacity for interrupted flow, 77-78
capacity for uninterrupted flow, 75-77
freeways and expressways, 245-251
intersections, 129-131
level of service determination, 81
levels of service, 2, 78-80
operating conditions for levels of service, 80
ramps, 191-197 -
streets and highways, 283, 300, 318
summary of procedures, 81-87
weaving sections, 163-176
(see also Levels of service)
Capacity and service volume factors, 88-110
(see also Roadway factors affecting capa-
city and Traffic factors)
Capacity for interrupted flow, 77-78
(see also specific roadway type)
Capacity for uninterrupted flow, 75-77
(see also specific roadway type)
Capacity Manual, 1950, vii, 2
Capacity-speed relationships
(see specific roadway types)
Chapter references
(see References, chapter)
Characteristics of roadway facilities
downtown streets, 332
freeways and expressways, 245
intersections at grade, 111
ramps, 187
streets and highways, 280
urban and suburban streets, 318
weaving sections, 160
(see also Traffic characteristics)
Climbing lanes, 93, 110, 259
definition, 10
Cloverleaf interchanges
effect on capacity, multilane rural highways,
289
Commercial vehicles
(see Buses and Trucks)
Composition of traffic
(see Traffic composition)
Computational procedures
auxiliary lanes, ramps, 202, 222
auxiliary lanes, weaving, 167
basic freeway sections, 263-265
capacity determination, 265-266
design hours, 37-38
“evaluation of composite freeways, 267-270
freeways, expressways, 263-270
examples, typical solutions, 270-279
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intersection capacity, 131-146
Normann method, 112
multilane rural highways, 293-294
observed and computed values, 133
ramps, 225-226, 234-236, 242-243
service volume, 198-221, 265-266
streets and highways, 293, 309, 327, 334-337
subsection analysis, expressways, 263
two-lane highways, 309-314
urban and suburban arterials, 327-332
weaving sections, 182, 186
weighted levels of service, 268-270
(see also specific roadway type)
Conditions affecting capacity
(see Factors affecting capacity and service
volume and Environmental conditions)
Control devices
definitions, 14-15
(see also Intersections at grade)
Control measures, 126-129
Control of access
(see Access control)
Controls
(see Turn controls and Signals)
Critical density, 71-73
definition, 17
Critical elements
freeways and expressways, 255-262
multilane rural highways, 283-292
two-lane roads, 301-308
type of highways, 73
urban and suburban arterials, 324-326
Critical points
effect on level of service, 247
freeways and expressways, 247
obstructions, 89
point restriction, 89
ramps, 197
(see also specific roadway type)
Curves
(see Alinement, Vertical curves)
Cycle length
(see Signals)

Daily speed variations, 45-46
Definitions, 4-21

index, 20-21

(see also specific subject)

Density

(see Speed, flow and density relationships)
Design

(see specific element)
Design hour and hourly volume, 16, 36-44
Determination of level of service

(see Capacity and level of service)
Diamond interchanges

effect on capacity, multilane rural highways,

291, 308
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Direct connection interchange freeway and expressway analysis, 270-279
effect on capacity, multilane rural highways, multilane rural highways, 298-299
” _289 e ramps, 228-233, 239-242
Directional distribution, 29 signalized intersection, capacity determina-
Downtown streets tion, 146-155
characteristics, 332 two-lane highways, 314-317
“breakdown” gondition, 333 turning movements, 152-155
examples, typ:cal solutions, 334-337 urban and suburban arterials, 329-332
general considerations, 332 weaving sections, 156, 160-163, 177-186
levels of service, 333-334 Expressways
limitations to analysis, 332 definition, 8
(see also Streets and highways) (see Freeways and expressways)

Driver characteristics

effect on ramp operation, 189 Factors affecting capacity and service volume,

88-100
Effects of grades, 95-110, 255, 260, 306 by highway type
(see also specific highway type) freeways and expressways, 251-262
Environmental conditions multilane rural highways, 283-293
effect on capacity, 7, 115 ramps, 189-191
related to signals, 112, 115-122 signalized intersections, 112-129
Equations, formulas streets, downtown, 333
bus adjustment factor, 105 three-lane highways, 301-308
capacity, expressway, 265 two-lane highways, 301
composite distribution, 55 unsignalized intersections, 155
density, 51, 58 urban and suburban arterials, 324
exponential distribution, 54 weaving sections, 160-172
for capacity, multilane rural highway, 294- roadway factors
295 alinement, 93
freeway capacity and service, 265-266 auxiliary lanes, 91-93
headway, 49 grades, 95-100
highway capacity, multilane, 294-295 lane width, 88
Poisson distribution, 53 lateral clearance, 89, 255
ramp analysis, 200-221 lateral clearance and lape width, 90, 255
rate of flow, 59 shoulders, 90
service volume surface conditions, 93
(see specific highway type) traffic factors
signal split ratio, 146, 156 at-grade intersections, 168
speed-volume, 51 buses, 104
statistics for, 390-395 lane distribution, 105
substitution, ramps, 225 traffic interruption, 106
two-lane road, 309, 313 trucks, 101
volume, 51 variations in flow, 106
weaving lanes required, 168-169, 181 Factors affecting flow
Equivalents buses, 255-259
definition, 19 by highway type
passenger car/bus, 129, 260, 306, 345 freeways and expressways, 251-262
passenger car/bus, multilane, 289 multilane rural highways, 283, 285
passenger car-bus, two-lane, 306 ramp, 189-191
passenger car/trucks, 102, 258 signalized intersections, 112-119
passenger car/truck/buses, 257, 287 streets, 333
passenger car/truck, multilane, 288 three-lane roads, 301
passenger car/truck, two-lane, 304-305 two-lane roads, 301
passenger car/truck by grades, 103 weaving, 160, 286-289
passenger car/truck by speeds, 102 control measures, 126-129
service volume, passenger car/truck, 103 free-flow conditions, 249
(see also specific roadway and vehicle grades, 95-100, 255-259
type) (see also Grades)
Examples (Typical solutions) lane markings, 128

downtown streets, 334-337 lane-width, 89, 255
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lateral clearance, 89, 255
trucks, 255-259
flow-density relationships
congestion, 71
critical density, 71
curvilinear relationships, 71
directional distribution, 29
instantaneous flow, 72
kinematic waves, 72
queue, 72
Flow, density, speed relationships
(see Speed, flow and density relationships)
Flow variations
daily, 32
directional, 39
distribution by direction, 29
distribution by lane, 29
distribution by routes, 25
hourly, peaking, 32
seasonal, 30
uninterrupted, 76, 89
weekly, 30
(see also Traffic flow and Volume)
Forced flow, 251
Formulas
(see Equations, formulas)
Four-way stop
intersection capacity, 158-159
Freeways and expressways
balance among elements, 245
basic levels of service, 245-251
capacity of “ideal” geometrics, 246
critical points, effects on levels of service,
247
definition, 8
geometrics, effects of, 245-247
levels of service evaluation, 246-251
operating speeds as measure of service, 246
v/c ratio as determinant of levels of ser-
vice, 246
characteristics, 245
computational procedures
basic freeway sections, 263
capacity determination, 265-266
demand v/c ratio as service index, 264
equations, capacity and service volume,
265-266
evaluation of the composite freeway, 267-
270
levels of service, 266
operating speed as determinant of service,
264
service volume determination, 265-266
subsection analysis, 263, 273-277
weighted level for composite index, 268-
270
critical elements
adjustment factors, 255-261

alinement, 262
auxiliary lanes, approach and exit, 262-263
buses, 255-259
climbing lanes, auxiliary lanes, 259
conflict area, 261
control of access, 262
design features to overcome problems, 261
factors affecting flow, 251-255
grades, 255-259
interruptions, 262
lane width, 255
lateral clearance, 255
merge point as critical point, 262
passenger car equivalents, 257-261
ramp terminals, 260
ribbon development, 262
signal spacing, 263
signalization, 252-263
subsection balance, 252-254
trucks, 255-259
weaving areas, 260
examples
capacity and service, 270-279
forecasting, hourly volumes, 44
level of service A, 247-248
free-flow conditions, 248
level of service B, 248
level of service C, 248
rate of flow on expressways, 249
v/c relationships, 247-251
level of service D, 250
bottlenecks, 250
conflict points, 250
forced flow, 250
peak-period conditions, 250
unstable operation, 250
level of service E, 250
forced flow, 250
peak-period conditions, 250
unstable flow, 250
level of service F, 251
bottlenecks, 251
capacity, 251
forced flow, 251
jammed conditions, 251
levels of service and maximum volumes, 252-
253

Frictions

definitions, 18, 19
effect of, 308

Gap acceptance and characteristics

(see Spacing and headway characteristics)

Gap, vehicular

definition, 16

Geometrics

alinement, 291
combinations, 203
conflict areas, 250
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Geometrics (continued)
effect of, on capacity and level of service, 77,
188, 245-247
effect of restricted width, 88-89, 256, 286, 288
lane width, 255-256, 285-286
point restrictions, 297
roadway features, 6-7
sight distance, 301
Grades
definition, 14
effects of, 95-110
climbing lanes and passing bays, 100
grades on freeways, 255, 257-259
on passenger cars, 95-97
passenger car equivalents, 99
truck performance on sustained grades, 97
up-grade equivalency, 101-102
vertical curves in grade profile, 97-98
weight-power ratio on grade performance,
98-99
Green time/cycle time (G/C) ratio, 133, 138

Headway
acceptable for buses, 347
as time measure, 49
at various volumes, rural highways, 52-53
definition, 16
distribution downstream from traffic signal,
59 )
frequency distribution, by time length, 58
gap acceptance, 57
lane distribution, expressway, 54
mixed traffic, 342-343
two-lane and four-lane at 500 vph, 55
two-lane urban street, 56
(see also Spacing and headway character-
istics)
Highest hour trends, 43-44
Highway factors affecting capacity
(see Factors affecting capacity and service
volume)
Highways
definition, 8
(see specific roadway type)
Hourly variations, 32-35
(see also Flow variations)
Hourly volumes
design peak loads, 36
normal peaking characteristics, 36
one-way traffic, 27-28
two-way traffic, 23-27
Hourly volumes/AADT, 36-42

Ideal capacity, 2
Index of definitions, 20-21
Interchange connections
definition, 12
effect on capacity, multilane rural highways,
289-291

HIGHWAY CAPACITY

Intersection capacity
adjustment factors, 138-143
buses, local transit, 142
G/C ratio, 138
trucks and through buses, 142
turning movements, 138-142
approach volumes, 133
capacity charts and adjustment factors, 133-
137
G/C ratio, 133
load factors, 137
peak-hour factors, 133-137
rural conditions, 136-138
urban conditions, 133-137
(see also Intersection capacity)
interpretation, application of procedures, 143-
155
deficiency evaluation, 145
signal split ratio, 146
typical solutions, 146-155
observed and computed values, 133
vehicles per hour of green, 131
Intersection capacity, service volumes
levels of service
adjustment factor, 138-143
capacity related to site factors, 129
levels in terms of load factors, 131
load factor as measure, 130-131
Normann method of capacity determina-
tion, 112
“point” level of service, 129-131
Intersection operation
approaches
capacity, 111, 129
flow, 118
urban volumes, 134
volumes, 132
bus factors, 143-145
capacity, 111, 129
estimation, 131
factors affecting, 112
four-way stop, capacity, 158
general effect, 111
“ideal,” typical adjustments, 111
interrupted flow and intersection operation,
111
levels of service, 112, 129
isolated, 131
maximum volume, isolated, 131
operational factors, 111
rural, at two levels, 117
service volume, 111, 129
signalized intersections, 111
capacity factors, 112
unsignalized intersections, 155
Intersections at grade
capacity, service volumes, and levels of ser-
vice, signalized, 129-155
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estimation of capacity, service volumes and
levels of service, signalized

adjustment factors, 138-142
application of procedures, 143-146
capacity charts and tables, 133-137

factors affecting capacity, signalized
control measures, 126-128
environmental conditions, 115-121
physical and operating conditions, 112-114
traffic characteristics, 122-124

types defined, 12

unsignalized intersections, 155-159
applications of stop-sign control, 156
four-way stop sign control, 158
two-way stop sign control, 157

no control, 155
yield sign control, 156

Junctions
(See specific highway type)

Land use and development
definitions, 19

Lane
definitions, 10-12
Lane distribution factors, 29
Lane markings
definitions, 14
effect on capacity, 128
Lane operation
cffect of restricted width, 88-89
multilane, 285-286
freeways and expressways, 255-256
headways, 53
number of lanes and effects, 129
one-way streets, 129
optimum number, 129
speed by lanes, 46-47
two-lane, effect of restrictions, 301, 303
two-way, no parking, 129
two-way, parking, 129
width and capacity, 89
Levels of service
by type of facility, 80
criteria, 79
definition and discussion, 7-8, 78-87
design speed, 79
downtown streets, 333-334
elements, 80
evaluation, 80
factors determining, 78
comfort, 78
convenience, 78
economy, 78
freedom to maneuver, 78
interruptions, restrictions, 78
safety, 78
speed and travel time, 78
(see also specific roadway type)
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freeway and expressway, 245-252
function of qualities, 22
index to geometric combinations, 203
interpretation, ramp analysis, 192-197
levels of service A-F
at-grade intersections, 80-81
downtown streets, 332
freeways, 245-253
multilane rural highways, 283-284
operating conditions, 80-81
ramps, 191-197
three-lane highways, 317-318
two-lane highways, 300-303
urban and suburban arterials, 318-323
weaving, 173
levels by volume, ramps, 192
limits and ranges, 79
multilane rural highways, 283-284, 296
operating characteristics, 7
operating speed as measurement, 191
operating speed concept, 81
quality of flow on weaving sections, 173
travel speed, major factors, 78
travel speed, operating speed, 79
two-lane rural highways, 302
urban and suburban arterials, 318-323
v/c concept, 81
v/c implications, 78
v/c ratio, 78
(sce also Intersection capacity, Ramps,
Weaving sections)
Load factors, 115-116
as measure of level of service, 129-131
definition, 17
urban and suburban arterials, 321, 324
Loading zones
minimum length, 348

Marking, lane
(see Lane markings)
Mass transit
(see Buses)
Maximum capacity
ideal or possible, 2
(see also Levels of service)
Maximum hourly volume, 23-28
(see also Volume)
Measure of effectiveness, 1
Merge and diverge
criteria, ramps, 196, 226
definition, 16
significance, 191
Multilane rural highways
characteristics, 282
computational procedures
basic subsections, 292, 294
capacity, one direction, 294
composite value for level of service, 296
equation for capacity, 294
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Multilane rural highways
computational procedures (continued)

equation for service volume, 295

level of service, 296

point restrictions, 297

service volume, one direction, 295

“weighted” values capacity, volume, etc.,
296-297

critical elements

access control and capacity, 291

alinement, 291

buses, 285-289, 290

cloverleaf interchanges, 289

cross connections, 291

diamond interchanges, 291

direct connection interchange, 289

effect on capacity, diamond interchange,
291

grades, 285-289

interruptions and interferences, 291

lane width, 285, 286

lateral clearance, 285-286

railroad crossings, 291

ramp connections, 289

restrictions to flow, 285

signalization, 291

spacing of interruptions, effect, 292

stop signs, 291

strip development, 291

trucks, 285-288, 290

uninterrupted flow applicability, 292

weaving areas, 286, 289

examples, typical solutions, 298-299
“ideal” conditions, 282
levels of service

Description, levels A-F, 283
summary of relationships, 283-284

Nomographs
extrapolation, ramps, 225
lane-volume distribution at fork, 221
ramp analysis, 204-221
Normann method
capacity computations, intersection, 112

One-way streets
(see Intersections at grade)
Operating characteristics
(see specific roadway type)
Operating conditions for level of service
six levels described, 80-81
Operating speeds
(see specific roadway type)

Parking
effect on intersection operations, 134-138,

143-155

effect on speed-flow, 67

(see also specific roadway type)

Passenger car equivalents

freeways, 257-261

generalized, 301-306

truck equivalent, 102
(see also Equivalents)

Passing sight-distance

(see Two-lane highways)

Peak flows, 23-28

critical hours, 37

design hourly volume, 37
distribution of hourly volume, 37
fifteen-minute rates, 34
five-minute rates, 34

frequency distribution, 36
loading-unloading effects, 34, 36
normal peaking characteristics, 36
population density effects, 34, 36
thirtieth (30th) highest hour, 38
trends, 34

trip generation relationships, 36

Peak hour

determination, 37

percent of AADT, 40

public transportation at CBD, 338
(see also Volumes)

Peak-hour factor, 106, 117-119

definition, 17, 32-33, 117, 120
signalized intersections, 133-137
urban and suburban arterials, 321-327

Peak period

expressways, 250
peak period vs total peak-hour volume, 33
(see also specific roadway types)

Peak-period volumes

ramp analysis, 188
volumes (buses), 340-342

Poisson distribution

headways, 53-56
hourly variations, 33

Possible capacity

definitions, 2, 5
discussion, 87
(see also Levels of service)

Practical capacity

definition, 2
discussion, 87
(see also Levels of service)

Quality of flow, 173-176

(see also Weaving sections)

Quality of service

capacity concept, 2
(see also Levels of service)

Queueing

headway distribution, 52-53
wave movements, 72
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Railroad crossings
effect on capacity, multilane rural highways,
291
Ramps
adverse effects of design inadequacies, 189
calculation of service volumes A-C, 198-201
calculation of service volumes D and E, 233-
235
capacity near terminals, 196
comparison of levels C and D, 244
computational devices, levels A-C, 201-227
computational procedures
levels A-C, 198-225
level D, 233-238
level E, 242-244
compuling junction requirements
adjustment factor for trucks, 224
auxiliary lanes, 202, 222, 226
calculating service volumes, general, 198,
250
equation substitutions, ramp, 225
equations, nomographs, 201-221
geometric combinations, 203
lane-one volumes, 202-224
left-hand ramps, 224
merge and diverge criteria, 196-222
nomograph extrapolations, ramp, 225
nomographs, lane-one volumes, 204-221
relating level of future service to design,
197-198
right-hand one-lane ramp, 224
sampling, on site for ramp, 227
simulation, digital computer, 227
specialized application of procedures, 225-
226
specialized ramp design, 224
specialized treatment, ramps, 225
variables involved, 200
critical points, 197
definition, 12
effect on capacity, multilane rural highways,
289
effects on upstream volumes, 204, 396-397
examples, typical solutions
levels A-C, 228-233
level D, 239-242
level E, 242-244
factors controlling capacity, 189-191
entrance junctions, 190
exit junctions, 191
limiting factors, 189
two-lane requirements, 190
influence of driver familiarity, 189
influence of geometrics, 188
junction analysis and performance, 187, 197
levels of service at terminals
interpretation of, 192-197
levels by volume, 192
merging and diverging significance, 191

operating speed as a measure, 191
ramp terminal and freeway lane as a unit,
192
peak-period volume, 188
percent of through traffic, lane one, 235
research reports, use of, 227
volume analysis, 196, 204, 224, 236-238
weaving between ramps, 188
Rate of flow
definition, 16
equation, 59
expressways, 249
maximum, 72
(see also Speed, flow, and density relation-
ships)
References (chapter)
at grade intersections, 159
bus transit, 348
factors affecting capacity and service volume,
110
ramps, 244
weaving, 186
streets and highways without access control,
337
traffic characteristics, 73-74
Ribbon development, 262
Road types
definition, 8-10
(see also specific roadway types)
Roadway factors affecting capacity
adjustments, 108
alinement, 93-95
auxiliary lanes
approach and exit expressways, 262-263
bus lanes, 340-345
climbing, 93, 100, 259
computational procedures, 167, 202, 222
expressways, 259
parking lane effect, 91
passing bays, 93, 101-102
ramps, 202, 222
refuge, 90
reserved transit lanes, 340, 345
speed change, 92
storage and turn, 92-93, 111, 187
truck climbing, 93
weaving sections, 93, 160, 167, 187
grades
approach to crawl speed, 97-99
braking distance, 95
climbing lanes, criteria, 100
climbing performance, 95-99
effects, 95
general, 95-103
passenger car equivalents, 100
passing bays, 100, 102
passing opportunities, 100
sight distance, 95
truck climbing, 106
weight-power ratio, 98-99
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Roadway factors affecting capacity (continued)
lane width, 88-89
lane width and lateral clearance
freeway, uninterrupted flow, 256
multilane, uninterrupted flow, 256
two-lane, uninterrupted flow, 303
lateral clearance, 88-90, 255
affective restrictions, 89-90
effects of obstructions, 89
effect of trucks, 255-256
profile, 93-95
effect on capacity, 95
sight distance, 94
speed profile, 94
shoulders, 90
effect on capacity, 90-91
refuge for disabled vehicles, 90
surface condition, 93
widths
lane, 88
lane and clearance, 90
lateral clearance, 89
(see also Factors affecting capacity and
service volume)
(see also specific roadway type)
Rotaries
as related to weaving, 185-186
Rules of the road, 156
Running time
definition, 16
Rural intersections, 136-138
(see also Intersection operation)
Rural volumes, maximum, observed, 23-26

Seasonal variations, 30
(see also Flow variations)
Service levels
(see Levels of service)
Service volumes
definition, 8
freeways and expressways, 295
multilane rural highways, 295
substitute for practical capacity, 2
two-lane highway, 309-313
(see also specific roadway type)
Sight distance
definitions, 13
effect of restrictions, 301
Signalized intersections
buses, local transit, effects of stops by type,
124-125, 346
components, geometry, traffic control, 112
control measures
marking approach lanes, 128
signal fundamentals, 126-128
signal timing, 127
signal types, 126
signal types, definitions, 14-15

HIGHWAY CAPACITY

environmental conditions
area-wide population density, 120
balancing approach needs, 116
central business district, 121
fringe area, 121
jammed conditions, 116
Iand use, characteristics, 121
load factor, 112, 115-116
loaded phase, 115
locational approach capacities, 121-122
outlying business district, 121-122
peak-hour factor, 33, 117-119
peak-hour factor, determination of, 119
residential areas, 121
factors affecting capacity, 112-129
Normann method, capacity determination,
112
physical and operational, 113, 115
approach width, 113
one-way vs two-way operation, 114-115
parking control, 114
parking influence, 114
width utilization, 113
predicted vs actual capacity, 112
research basis, 111-112
research needed, 112
left turns, 122
trucks and buses, adjustment factors for, 142
turning movements, 122-123
Signals
effect on capacity, 127
effect on capacity, multilane rural highways,
291
effect on delay and speed, 66
indications
green, flow rate, 126
lagging green, 141
leading green, 141
separate turn indications, 138-142
turn arrows, 138
spacing on expressways, 263
timing, effect of, 127
Solutions, typical
(see Examples)
Spacing and headway characteristics
definition, 16
density and measure
formulas, 58-59
speed, density, flow, as indicators, 59
headway distribution
by lanes, 53
composite exponential, 55
criteria for design, 56
free-flowing vehicles, 55
index of congestion, 56
platooning, 55
queueing, 52
random distribution, 53-56
restrained vehicle, 55
waiting time, 56-57
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interruption effects
desirability, 58
platooning, 56
recovery, 56-57
mathematical relationships, 49
spacing and density, 51
spacing and headway relationships, 49
steady state relationships, 51
measure of capacity
choice of speed, 51
effect on road user, 51
freedom of movement, 51
headway, minimum as constant, 52
speed, spacing relationships, 52
volume formulas, 51-52
Speed characteristics
average, by vehicle type, 44
bus, on sustained grade, 104
daily variations
daytime-nighttime, 46
influencing factors, 46
speed/density/volume relationships, 45
definition by types, 15-16
distributions
constraint and effects, 47-48
day and night, 46
levels of service, 48-50
speed/volume relationships, 49-50
trends, 47-48
average overall travel speed, 319-323
effect of alinement, 95
levels of service, 62
mean, by lanes, 47
on signalized street, 67
operating speed
average, 44, 62
definition, 15
freeways and expressways, 247
measure of levels of service, 191
multilane highways, 283
ramps, 191
two-lane highways, 300-301
urban vs rural service, 44-45
passenger car distribution, 48
directional by lanes, 48
ideal, unidirectional, 49
multilane rural highways, 50
two-lane rural highways, 50
passenger car on expressways, 49
speed by lanes
influencing factors, 46
turbulence, effect of, 46
variation, 46-47
speed trends
desired speeds, 45
factors influencing speeds, 45
impact of capacity limitations, 45

measurement of average speed, 44-45
modern design, effect on, 45
(see also Daily speed variations)
through signalized street, 66
truck, related to grade, 97
variation
by time of day, 46
flow and speed, morning peak, 45
Speed-density relationships
density and space mean speed, 68
interrupted flow, 70-71
similarity to uninterrupted flow, 70-71
speed-density, 70
uninterrupted flow, 67-69
critical vs maximum density, 68
normal, unstable, forced flow, 69
urban conditions, 71
Speed, flow, and density relationships
" ideal conditions, 60
predicting behavior, 60
simulations, 59
theoretical-empirical considerations, 60
Speed-flow relationships
effect of parking, 67
interrupted flow, 65-67
arrival and discharge rates, 66
average delay, 66
average speeds, 66
break-points, 67
critical density, 67
influencing factors, 67
speed flow curves, 67
on three different highways, 61
uninterrupted flow, 60-65
average vs operating speed, 65
critical density, 60-62
curve characteristics, 61
factors affecting, 61
levels of service, 62
marginal friction, 61
operating speed, 62
space mean speed, 60
two-lane and multilane volumes, 63-65
Speed, level of service, 49-50
Speed, operating
related to v/c ratio, 264, 294, 310-312
Speed trends
(see Speed characteristics)
Speed, truck
change on grade, 100
on grade, 97
Speed-volume relationships
at capacity, 300
discussion, 48-50
equation, 51
general diagram, 70
two-lane road, 50, 63-64, 299
weaving sections, 170-171
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Stop signs
applications, 156-157
effect on capacity, multilane rural highways,
291
four-way stop capacity, 158-159
two-way stop capacity, 157
Streets and highways

characteristics, general, 280
evaluation, 281
factors controlling capacity, 281
levels of service, 280
limitations of applicability, 280
operating speed as determinant, 281
overall travel speed as determinant, 281
traffic characteristics, 281
variations, 280
v/c ratio as index of service, 281
v/c ratio related to speeds, 281
working v/¢ ratios, 281

definition, 8-9

downtown streets
breakdown conditions, 333
examples, solutions, 334-337
levels of service, 333-334
limitations to analysis, 332

multilane rural highways
computational procedures, 293-296
critical elements, 283-291
levels of service, 283

two-lane highways
computational procedures, 309-314
critical elements, 301-308
levels of service, 300
(see also specific roadway type)

Terminals, ramp
definition, 13
levels of service, 191-197
Thirtieth (30th) highest hour
design criterion, 43
forecasting, 44
relationship of AADT, 40-44
related to trip purpose, 43
(see also Design hour)
Three-lane highways, 317-318
Time variations
(see Flow variations)
Traffic
definition, 15
Traffic characteristics
effect on capacity, 122
general, 22-74
maximum observed volumes, 22-28
peak traffic, 25
range of capacities, 25
relationships of speed, flow, and density, 59-
72
flow-density, 71-72
speed-density, 67-71

HIGHWAY CAPACITY

speed-flow, 60-67
spacing and headway, 49-59
density as measure of conditions, 58-59
effects of interruptions on, 56-58
headway, distribution and random flow,
52-56
mathematical relationships, 49-51
spacing as measure of capacity, 51-52
speed characteristics
average speed by lanes, 46-47
daily-speed variations, 45-46
speed distributions, 47-49
speed trends, 45-46
turning movements, 122-123
volume characteristics
hourly volume related to AADT and peak
flows, 36-40
spatial variations, 25-29
time variations, 30-32
Traffic control devices
definition, 14
(see also Intersection operations)
Traffic factors
adjustments, 108-109
application, 108
summary, 109
at-grade intersections, 108
buses
adjustment factors, 105
bus speed capabilities, 104-105
equivalents, 257, 260, 287, 289, 304, 306
local transit, 105
passenger car equivalents, 105
flow variations, 106
critical areas, 106
effect of fluctuations, 106
peak-hour factor, 106
safety factor, 106
short-period flows, 106
interruptions, 106
lane distribution
critical area operation, 105
influence factors, 105
no special adjustment needed, 106
rate of flow, added lanes, 105
weaving, upgrades, 106
traffic interruptions and interferences, 291-
293
at-grade intersections, 108, 111-159
effect on capacity, 308
effect on headways, 56
go rate from a stop, 107
other interruptions (toll-gates, RR cross-
ings, etc.), 108, 326
reduced time utilization, 107
(see also specific highway type)
trucks, 101-102
adjustment factors, 102, 257, 261, 287, 290
definition, 15
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equivalents, expressways and freeways, 258

equivalents, multilane highways, 288

equivalents, two-lane highways, 101-102
mixed traffic/passenger car equivalent, 102

multilane adjustment, 102-103
needed research in equivalents, 103
passenger car equivalents, 103, 105
Traffic flow
intersection approach, 118
variations
multilane rural, 358
multilane streets, 378
rural expressways, 356
rural freeways, 350
two-lane rural, 362
two-lane streets, 382
urban expressways, 376
urban freeways, 371
Traffic operations
definitions, 15-19
Travel desires
related to capacity, 2
related to seasonal fluctuations, 2
Travel time
on signalized streets, 67
Trucks
adjustment factors, 142
expressways, 257, 260
multilane, 290
two-lane, 304, 307
definition, 15
effect on capacity
intersections, 142
multilane rural highways, 285-290
equivalents
passenger car/truck, 258
passenger car/truck/bus, 287

passenger car/truck, multilane highways,

258, 288

passenger car/truck, two-lane highways,

304, 305
speed
change on grade, 100
on grade, 97
Tunnels and bridges
(see Bridges and tunnels)
Turn controls
adjustments factors, 140-141
(see also Signalized intersections)
Turning movements
discussion, 122-123
effects on capacity, 122, 138-142
(see also Signalized intersections)
Two-lane highways
access control, effect, 299
characteristics, 299
computational procedures (two-lane road)
basic subsection, 309-312

capacity, 309
equation, two-lane capacity, 309
equation, two-lane service volume, 313
level of service, 81, 314
service volumes, 309, 313
sight distance relations, 310-312
v/c ratio and operating speed, 309-312
critical elements
adjustment factors, 303
adjustment factors, equivalents, 306-307
alinement, 308
buses, 301
down-grade effect, 95-100, 306
frictions, 308
grades, 301
interference, 308
interruptions, 308
intersections, 111, 308
lane width, 301, 303
lateral clearance, 301, 303
passenger car equivalents, 301, 304-306
ramps, 111, 187, 308
trucks, 301
levels of service
operating characteristics, 302
restricted alinement, 301
restricted passing sight distance, 309
speed-volume at capacity, 300
volumes, effect on, 300
passing sight distance, influence, 299, 301
speed-volume relationships, 50, 63, 64, 299
Two-way stop
intersection capacity, 157
Two-way streets
intersection operations, 135
(see also Downtown streets)

Uninterrupted flow
capacity, 76
effect of lane width, 89
effective width of roadway, 89
speed-flow relationships, 60
(see also Speed, flow and density relation-
ships)
Uninterrupted flow, ideal
factoring ideal to conditions, 109
summary of adjustments, 109
Unsignalized intersections
capacities, 155
effect on traffic flow, 155
maximum capacity, 156
no control, 155-156
pro-rating signal split, 156
rules of the road, 156
stop sign control
applications, 156-157
four-way stop control, 158-159
two-way stop control, 157
yield sign control, 156
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Urban and suburban arterials
characteristics, 318
computational procedures, 327-329
capacity, 327
components, 327
levels of service, 328-329
overall analysis, 327
service volumes, 328
critical elements, 324-326
interference, 326
interruptions, 326
load factors, 324
one-way vs two-way operation, 325-326
progression criteria, 324
signalization, 111, 126, 263, 324
levels of service, 318-326
analysis, bases for, 321
capacity, 322
critical v/c ratio, 322
forced flow, 323
limitations in analysis, 319
load factors, 321, 324
overall analysis, 319
overall travel speed, 319
peak-hour factor, 321-322
point analysis, 318-319
range of volumes, 321
restraints to speed, 319
section limits, 321
typical relationships, 319-320
Urban intersections
approach volumes, 134-136
(see also Intersection operations)
Urban volume pattern
directional variations, 39
Urban volumes
environmental effects, 39
flow rate, 78
peak traffic volumes, 39
Urban volumes, maximum observed
one-way, by type of street, 27-28
two-way, by type of street, 23-27

Variations in flow
(see Flow variations)
Vehicles
definition, 15
Vertical curves
types, effect, 97-98
Volume
accumulated amount and percent, hourly re
annual volume, 37
approach at intersections, 118, 132-136
definitions, 8, 16, 19
distribution effects from ramps, 396-397
effects on land use, 30
effects on levels of service, 300
express buses, city streets and freeways, 341
express buses, various facilities, 342

HIGHWAY CAPACITY

fifteen-minute peak-hour factors, 34
fifteen-minute peak flow rate, 34
five minute re peak-hour flow, 35
" frequency distribution, percent of difference,
estimated and observed flow rates, 36
highest reported, 23-28
hourly variations, 32
hourly variations, weekday, 32
hourly volumes related to highway type, 41-
42
levels of service, uninterrupted, freeways and
expressways, 252-253
maximum service
freeways and expressways, 252-253
multilane highways, 284
two-lane highways, 302
monthly variations, 31
peak-hour bus, 338-342
peak traffic, 25
peaking trends, 34
percent of ADT for various hours, 38-39
rank order, hourly volumes for year, 37
rate of flow, estimated vs observed, 36
related to levels of service, 22
service, 2
traffic demand, 22
urban vs rural, 29
variation by time of day, 46
variation, flow and speed, morning peak, 45
weekly variations, 31
(see also Speed, flow and density relation-
ships, and Hourly volumes, Speed char-
acteristics)
Volume/capacity (v/c) ratio
determination of service level, 246
operating speed, expressways, 264
operating speed, multilane highways, 294
operating speed, two-lane highways, 310-312
overall travel speed, 320
Volume-capacity relationships
discussion, 76
expressways, 247-251
Volume characteristics
hourly re AADT and peak flow, 36
hourly re AADT, 39
peak-hour determination, 37
spatial variations, distribution, 25-29
traffic compositions, 29
trends in highest hour, 40
variations, seasonal, 30-34
Volume measurements
AADT, 37
AADT in surfaced mileage groups, 29
demand synthesis, 37
Volume-speed relationships
expressways, 62
freeways, 66
multilane rural highways, 63
two-lane rural highways, 63
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Volumes, maximum observed
one-way, 27-28
two-way, 23-27

Weaving sections

between ramps, 188
capacitics, selected observations, 386, 388
capacity and levels of service, 173-176
definition, 13
design and operational evaluation, 176-186
factors affecting capacity, 160, 286-289
formation, 161
formulas for design, 168-169
length requirements and determination, 167
levels of service, 173
maximum volume, 170
operating characteristics, 164-172

added lanes for outer flow, 167

classes of traffic, 165

factors involved, 165

non-weaving movements, outer flow, 165
weaving movements, 165
quality of flow, 166-167, 170, 173
quality-volume, relationships, 170-171
simple arrangements, 163
speed-weaving volume-length relationships,
170-172
types of weaving sections, 162-164
urban areas, 185
width requirements, 168
Weekly volume variations, 32
Weighted level of service
for composite value expressways, 268-270
Width of roadway, effective, 89
in lanes, 10

Yellow interval, 138
Yield sign control
capacity, 156



