Highway Capacity Manual 2000

CHAPTER 6

SYMBOLS

This chapter lists and defines the symbols and abbreviations used in the manual,
along with their unitsif applicable. If the same symbol has more than one meaning, the
chapter or chapters of the specific use are cited in parentheses () following the definition.
A oo, 1. Passenger waiting areasize, m? (27). 2. Access points (21). A—CF
- JOTTT TR 1. Adjustment factor for two-stage gap acceptance (17). 2. Coefficient

for estimating base percent time spent following (20). 3. Weaving
intensity factor calibration constant (24). 4. Adjacent-lane impedance

factor (27).

AADT ....cccoovee Annual average daily traffic, veh/day

AC oo, Urban street class

Alcoviiiiiiiiiiiannn, Added initial time per actuation, s

(/R Acceleration of nth vehicle at timet

C T Design pedestrian area occupancy, m2/p

LT SIS Permitted phase adjustment for pedestrian/bicycle blockage

AT o, Arrival type

ATS oo, Average travel speed for both directions of travel combined on two-
lane highways, km/h

ATS, i Average travel speed for all two-lane highway directional segments

combined, km/h
ATS, i Average travel speed in the analysis direction for the entire segment

without the passing lane, km/h

ATS v, Average travel speed for the entire segment including the passing lane,
km/h

AVM ....cccoveviiinn, Adjusted vehicle minimum time, s

AVO ...cccoveiiinn, Average vehicle occupancy

AWDT ..o Average weekday daily traffic, veh/day

= SR 1. Begin platoon event time; the time that the dispersing platoon begins
to pass through the subject two-way stop-controlled intersection (17).
2. Buslane vehicle capacity, buses/h (27).

| TR 1. Bunching factor (16). 2. Coefficient for estimating base percent
time spent following (20). 3. Weaving intensity factor calibration
constant (24).

216 ) I Sum of gradients for counted segments

= Maximum number of buses per berth per hour, buses/h

BFFS ....ccovvveeee. Base free-flow speed, km/h

BPTSF .....ccccuuu. Base percent time-spent-following, %

BPTSF,......cco.... Base percent time-spent-following in the analysis direction, %

= Maximum number of buses per bus stop per hour, buses’h

Coereeeeeeeeiiens 1. Signal cyclelength, s. 2. Capacity, veh/h (30).

Corrrrrrreeeeeeeeeianns 1. Total lane group capacity, veh/h. 2. Two-way segment capacity,
normally 3,200 pc/h for atwo-way segment and 1,700 pc/h for a
directional segment (20). 3. Weaving intensity factor calibration
constant (24).

(01 I Sum of square of gradients for counted segments

(o Approach capacity at roundabouts, veh/h

(071 SN Capacity adjustment factor

o7 1. Capacity of bicyclelane, bicycle/h (19). 2. Bus capacity, busesh (27).

CBD......ccccuvee.. Central business district

(0] Acceleration/decel eration correction factor
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o
Cp vrvvreerennieniens

Capacity for Stage | of two-stage gap acceptance

Capacity for Stage Il of two-stage gap acceptance

1. Lane group capacity per lane, veh/h (16). 2. Capacity of mgjor-
street | eft-turn lane, veh/h (30).

Movement capacity of Minor Movement x, veh/h

Maximum cycle length, s

Minimum cycle length, s

Out-of-pocket cost for trip, cents

Potential capacity of Minor Movement X, veh/h

Capacity of right turns at specific intersection, veh/h

Sum of critical phase volumes, veh/h

Capacity of stop-controlled approach, veh/h

Capacity of ashared lane, veh/h

Available capacity in the analysis period, veh/h

Total capacity for Movement x considering atwo-stage gap acceptance,
veh/h

Critical phase volume, veh/h

Coefficient of variation of headways of transit serving a particular route
arriving at astop

Sum of critical volume to saturation flow rate ratio

1. Density, veh/km, pc/km/h, or veh/km/In (7). 2. Proportion of peak-
hour traffic in peak direction (8). 3. Total initial queue delay dueto an
initial queue incurred in the average cycle, s(16). 4. Density of all
vehicles in the weaving segment, pc/km/In (24). 5. Diverge from
traffic at an interchange (26). 6. Movement at a downstream
intersection (26). 7. Number of doors availablein the peak hour (27).
8. Mean delay for subject lane group, s/'veh (30). 9. Node delay for
link, s (30).

1. Control delay, s'veh (11, 15, 16). 2. Demand, veh/h (22).

3. Weaving intensity factor calibration constant (24). 4. Mean trip
delay, s/person (29). 5. Direction of analysisindex (29).

Uniform delay, s/veh

Incremental delay, s'veh

Initial queue delay, s/veh

Mean delay for subject approach, s'veh

Approach delay, s'veh

Acceleration/decel eration correction delay, s

Control delay, bicycle

Number of doors per car

Combined interchange delay, S'veh

Directional design-hour volume, veh/h

Adjustment factor for progression to compute zero-flow control delay
at signalized intersection

Design-hour volume, bicycles’h

Delay incurred by vehiclesin theinitial queue, s'veh

Intersection control delay, s'veh

1. Lanegroup delay, s/veh (16). 2. Average control delay for Lane
Group i, s/veh (26).

Computed differences for the entry legs

Computed differences for the exiting legs

Average control delay per vehicle for the interchange, s/'veh

Jam density, veh/km or veh/km/In

1. Pedestrian control delay at Intersection j, s (18). 2. Average bicycle
delay at Intersection j, s (19).
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DL oo, Detector length, m DL—fgg,

Dy, Estimated delay for left turns, s/'veh

Dy, Delay per person-trip for modal subsystem, s

o S Distance to subject vehiclen

o NP Distance from subject vehicle nto vehicle shead n—1

0 1. Optimum density, veh/km or veh/km/In (7). 2. Zero-flow control
delay at signalized intersection, h (30).

/R Average pedestrian delay, s

[0 Delay per person-trip for Point p, s

[0 PR— Pedestrian density, p/m?

DQ ..o Tota delay due to excess demand or queuing delay, veh-h

Dg oo, Density of flow within the ramp influence area, pc/km/In

Dy, Estimated delay for right turns, s/veh

O] weeeeeennsennees Average control delay to Rank 1 vehicles, siveh

DS, Detector setback, m

5 1. Intermediate speed determination variable for diverge area (25).
2. Delay per person-trip for segment, s (28).

o 1. Storage density, veh/km/In (7, 29, 30). 2. Saturated delay, s (16).
3. Deceleration rate, m/s?, also used as a surrogate for twice the
average acceleration from zero to maximum velocity (27).

gep wrevmeverreemeenens Average control delay for the separate lane case, s'veh

Agpyeerrinrinerinianns Average control delay for the shared lane case, s'veh

Dygeverrenreineninnnn, Oversaturation delay corresponding to a zero initial queue, s/veh

Dypoveveveriiirininn, Estimated delay for through vehicles, s/veh

o B Delay for transit passengers, h

o [V Dweélling unit

o Undersaturated delay, s

- T Time-in-queue per vehicle, s

Dy, Delay per person-trip for Segment x, s

E e 1. End platoon event time; the time that the dispersing platoon
compl etes passage through the subject two-way stop-controlled
intersection. 2. East intersection (26).

€ rrerrereeeeeeeiiiianes Extension of greentime, s

EB ..o Eastbound approach or movement

E|foiiiiiinnn, Through-car equivalents for permitted left turns

Ejpuiiiiiinnn, Through-car equivalents for opposing movements of permitted left
turns

€ erereereririeiieans Unit extension time setting, s

Eguiiiciiiiieine, Passenger-car equivalent for recreational vehicles

Equiiiiiiieinnn, 1. Passenger-car equivalent for heavy vehiclesin the lane group (16).
2. Passenger-car equivalent for trucks; sometimes includes buses (20,
21,22, 23, 24, 25)

T Passenger-car equivalent for trucks that use crawl speeds

EW..ovioeviviiann, Sum of the volume to saturation flow rate ratio for the critical phase
pair for the east-west street

| 1. A parameter for basic dispersion model calculated as[1 + (t,)]
(17). 2. Tota number of events on the path, events/h (18, 19).

Fa, Adjustment to account for effect of access points on base free-flow
speed

foy i, Adjustment factor for areatype

FAR ..ccovovervininn. Floor arearatio

Fp i, Bus-bus interference adjustment factor

FRogeeneereaneeienienns Percentile back of queue factor
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fop—0(a) Fip eeeeereneenmneneenns Adjustment factor for the blocking effect of local buses that stop within

the intersection area

L Adjustment for the combined effect of directional distribution of traffic
and the percentage of no-passing zones on percent time-spent-
following, %

Fpp coeveeeiieien, Planning | eft-turn adjustment factor

FFS..c.coviiinnen Free-flow speed, km/h

FESy i Free-flow speed in the analysis direction, km/h

o, Grade adjustment factor for two-lane highways

fg e Adjustment factor for approach grade

oy veerreneni, Heavy-vehicle adjustment factor

7 ST Adjustment for interchange density, km/h

Fl o, I mpedance adjustment factor

fl o Bus stop location factor for bus lane capacity

flo v, Adjustment for lateral clearance, km/h

Flph «eeeeeeeeeeneen: Pedestrian adjustment factor for left-turn movements

flg v, Adjustment to base free-flow speed to account for effect of lane width
and shoulder width, km/h

1 ST Adjustment factor for left turnsin the lane group

7T R TT T Adjustment factor for lane utilization

FL U reereerersrensunen Lane utilization factor for the opposing flow of permitted left turns

e, Adjustment for lane width, km/h

Frpeeieiiiniiieiinnn, Number of opposing events, eventsh

g ceeereennieennns Adjustment for median type, km/h

O 1. Left-turn adjustment factor applied only to the lane from which left
turns are made (16). 2. Mixed traffic adjustment factor (27).

Frineeeseeeseseennenns Minimum left-turn adjustment factor applied only to the lane from
which left turns are made

Fereseen, Adjustment for number of lanes, km/h

Frp -eeeereeeeeeneneens Adjustment to account for the effect of percentage of no-passing zones
on free-flow speed

Fop oo, Number of passing events, eventsh

/AT 1. Adjustment factor for the existence of parking lane and parking
activity adjacent to the lane group (10, 16). 2. Driver population factor
(21, 23, 25, 30). 3. Bus-passing activity factor (27).

Fop v, Supplemental adjustment factor for platoon arrival during the green

Fppy weeeereeeeseencees Pedestrian blockage factor, or the proportion of time that one lane on an
approach is blocked during one hour

Fpjeeeneeeenenicenens Factor for the effect of a passing lane on percent time-spent-following
and average travel time

fg e Queue calibration factor for randomnessin arrivals

Friii Right-turn adjustment factor for bus lane capacity

FRpp «eeeeeeeeeenen: Pedestrian/bicycle adjustment factor for right-turn movements

7S S Adjustment factor for right turns in the lane group

fo i, Skip-stop speed adjustment factor

Fpyeveeneenniieinns Adjustment factor for lane width

Fy v, A capacity adjustment factor for Movement x that accounts for the
impeding effects of higher-ranked movements

(C 1. Approach grade, % (16). 2. Greentime, s(16). 3. Percent grade
divided by 100 (17). 4. Greentimefor phase, if WALK + FDW is not
installed, s (18).

o TS 1. Effective green time for lane group or for movement, s (15).
2. Effective green time for pedestrians, s (18).

(o) IR Gradient of a segment (29)
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Gifferereeeeeeeeeeeeenns The larger of (a) the difference between g, and g; and (b) zero, s Yy IVT

o Extension to the protected green time that occurs while the controller
walits for agap in the arriving traffic long enough to terminate the
phase, s

o P Effective green time of asignalized intersection upstream of atwo-way
stop-controlled intersection, s

o P Portion of the green time in which athrough vehicle in a shared lane
would not be blocked by a left-turn vehicle waiting for the opposing
movement to clear, s

[C Greentime, s

o Effective greentime, s

(CT() I Gradient matrix for corridor analysis (29)

JENURR Maximum gradient, or the largest absolute ratio of the gradient to the
estimated number of trips (29)

o Effective green time for the opposing flow, s

(€T Minimum pedestrian greentime, s

Gp weveeemreeneeenens Pedestrian green time (Walk + Don’'t Walk), s

Gprof «+-weerereeeees Protected phase effective green time, s

g oo 1. Portion of the permitted green time blocked by a queue of opposing
vehicles, s(16). 2. Total time to discharge the queue at asignalized
intersection upstream of atwo-way stop-controlled intersection, s (17).

Ggp -oeeereemeeneneens The time to discharge the vehicles that arrive during red at asignalized
intersection upstream of a two-way stop-controlled intersection, s

Ggo -oeerreemeeneneens The time to discharge the vehicles that arrive during green and join the
back of queue at a signalized intersection upstream of atwo-way stop-
controlled intersection, s

GR. .o, Gap reduction rate

o Portion of the protected green time required to service the queue of
vehicles that accumulated on the previous phase, s

o Portion of the permitted green time not blocked by a queue of opposing
vehicles, s

H oo Number of hoursin analysis period

Ao 1. Saturation headway, s (7). 2. Time period index (29).

Ao hour

Pggeeeeeecnneinn. Headway adjustment to account for the proportion of left turns, right
turns, and heavy vehicles, s

Ppg ceeveeneeneeniann, Minimum block-signaled section train headway, s

P Departure headway, s

Hiovoiiiiiiiin, Duration of congestion for Link i, h

P Minimum train headway, s

P eereeneeneeniannnn, Minimum on-street section train headway, s

I Scheduled headway, s

L Saturation headway for degree of conflict Casei

P Minimum single-track section train headway, s

HV e Percent heavy vehicles, %

D 1. Incremental delay adjustment for the filtering or metering by
upstream signals (10, 15, 16). 2. Survey count interval for field control
delay study (16). 3. Adjustment factor for type, intensity, and location
of the work activity to compute capacity on freeway facilities, pc/h/In
(22).

F ot V ehicle movements subscript of Rank 1

lg oo, Interval between vehicle-in-queue counts, s

IVT e In-vehicletime, min
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I—Ldown T Calibration parameter

) V ehicle movements subscript of Rank 2

G 1. The proportion of annual average daily traffic occurring in the
analysisperiod. 2. Adjustment factor to utilize bus stops fully in a
skip-stop operation (27). 3. Parameter (30).

K aeeeniieeeeeeeeeeen 1. Incremental delay adjustment factor for the actuated control (10, 15,
16). 2. Vehicle movements subscript of Rank 3 (17). 3. Constant to
adjust degree of conflict case probability to account for
interdependence of headways (17).

Kg e, Second term queued vehicles adjustment factor related to early arrivals

o kilogram

Koo Sum of known trips originating at i

T Sum of known trips destined to j

KM e kilometer

Kipin weeereesneeneennes Minimum factor to compute incremental delay adjustment for actuated
signal

KW i kilowatt

Lo, 1. Length of ahighway segment, km (7). 2. Lost time per cycle or
total lost time, s (10, 16). 3. Urban street segment or section length,
km (15). 4. Crosswalk length, m (16, 18). 5. Length of weaving
segment, m (24). 6. Length of the link (i-j) from the upstream stop line
to the downstream stop line, m (26). 7. Left-side movement at an
interchange (26). 8. Train length, m (27). 9. Analysis section length,
km (27). 10. Length of segment, km (29). 11. Link length, km (30).

L 1. Vehicle movements subscript of Rank 4 (17). 2. Queue storage
length per vehicle, veh (26). 3. Segment index (29).

Ly, Distance for one-block stop pattern, m

. Start-up lost time, s

Ly, Distance for multiple-block stop pattern, m

. Clearancelost time, s

g, Tota length of the acceleration lane, m

Ly, Available queue storage distance, m

Lpgeceeeieeieieinn, Length of first acceleration lane on atwo-lane on-ramp, m

Lppeoeeeaiaieninn, Length of second acceleration lane on atwo-lane on-ramp, m

Log oo, Length of added approach lane, km

Logeoveeeeeeienenn. Length of added departure lane, km

Lpgfrerveeneeneeneeneens Length of effective acceleration lane on atwo-lane on-ramp, m

LCj v Width of lateral clearance from the left edge of travel lanesto
obstructions in the roadway median, m

LCphuwiiiiiiiiiiinnns Width of lateral clearance from the right edge of travel lane to roadside
obstruction, m

Ly, Length of deceleration lane, m

Ly oo, 1. Detector length, m (16). 2. Length of two-lane highway
downstream of the passing lane and beyond its effective length, km
(20).

Lpgeeeeiieiennn, Length of first deceleration lane on a two-lane off-ramp, m

Lppeceeveaiiaieinn, Length of second deceleration lane on a two-lane off-ramp, m

Lyg eomreeerreneninnnn. Downstream length of two-lane highway within the effective length of
the passing lane, km

L' o coreeeinnnininnns Actua distance from end of passing lane to end of analysis segment,
km

L -evenvervensennens Length of effective deceleration lane on a two-lane on-ramp, m

Lo -+-evveeeescennns Distance from the subject ramp to the downstream adjacent ramp, m
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LEQ weeeesesnninnnn, Equilibrium distance between upstream or downstream ramp and the Leg—max
subject ramp, m

Ly oo, Average queue spacing in a stationary queue, m

Lieeeiieininn, Length of Segment i, m

. Total start-up lost time, s

[ I lane

Lo, Length of the passing lane including tapers, km

Ly oo, Length of left- or right-lane storage bay, m

Lygerrivnnniinninnn Length of single-track section, m

LT i, Left turn

Ly, Total length of the urban street under analysis, m

. Total length of the analysis segment, km

LTC oveeeeiiiens Left-turn vehicles per cycle, veh

Ly, Length of two-lane highway upstream of the passing lane, km

Lyp wooeeeereenceeeens Distance from the subject ramp to the upstream adjacent ramp, m

Ly o, Vehicle length, m

LW i, Lane width, m

R 1. Circulation area per pedestrian or pedestrian space, m?/p (11, 18).
2. Mediantype (21). 3. Merge with traffic at an interchange (26).

M i 1. Number of vehiclesthat can be stored in median of intersection
during two-stage gap acceptance, veh (17). 2. Move-up time, s (17).

M e meter

MF oo, Mainline flow rate, veh/h

111 ST minute

MnA.................. Minimum allowable gap, s

MnV............... Minimum vehicle phasetime, s

L Intermediate speed determination variable for merge area

MXG.....ooooeis Maximum green time, s

MXI.oooiiiiiiiinnaanns Maximum initial interval, s

N, 1. Number of lanes. 2. Last vehiclein queue (7). 3. Number of
through lanes at an intersection (15). 4. Number of lanes open through
the short-term work zone (22). 5. Total number of lanesin the
weaving segment (24). 6. Number of stops or stationsin the analysis
section (27).

Mainireeeeeeeeeae 1. Number of travel times observed (7). 2. Minimum number of
observations to meet accuracy goal of mean (9). 3. Fractional added
through lane (10). 4. Maximum number of opposing vehicles that
could arrive during gy (16). 5. Number of vehicles that can be stored
in flared right-turn approach, veh (17).

N oo Node i with the upstream segment numbered segment (i — 1) and the
downstream segment numbered (i)

Ngeiiiniiiinn, Local buses stopping at intersection, buses’h

NB ...oooviiinen Northbound approach or movement

Ng oo 1. Size of typical pedestrian crossing platoon, p (11, 18). 2. Number
of cycles surveyed (16). 3. Number of cars per train (27).

Nggeeeeeeieaeenenn Number of channels per door for moving passengers

Ngpeovvereaeanenann. Number of effective loading areas

N, Number of analysis subperiods

NiGereeeeaneannnn, Number of lanesin the lane group

N o, Number of exclusive left-turn lanes

N, Parking activity per hour, maneuvers’h

Moy +oveereeseeneenees The maximum value of n, the number of vehicles that can be stored in
the flared right-turn approach, above which it will operate like a
separate lane
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Number of lanes used by nonweaving vehicles

[P

Noeoroeiiiieina, Number of outside lanesin one direction (not including acceleration or
deceleration lanes or Lanes 1 and 2)

Ny, Number of opposing lanes

Np oo, 1. Spatial distribution of pedestrians, p-m (18). 2. Number of buses
making the maneuver from the curb lane to the adjacent lane (27).

S Number of pedestrians crossing during aninterval, p

N remiemniieinn Number of cross-street receiving lanes

NRT i, Number of exclusive right-turn lanes

NS ..., Sum of the volume to saturation flow rate ratio for the critical phase for
the north-south street

Ng oo, 1. Number of alternating skip stops in sequence (27). 2. Number of
stations on single-track section (27).

Ny, Number of through lanes

Npyp oveveeseeeveeiens Number of turning lanes

/. Number of vehicles during the green phase, veh

Ny, Number of lanes used by weaving vehicles if unconstrained operation is
to be achieved

N, (max) ........... Maximum number of lanes that can be used by weaving vehiclesfor a
given configuration

OCChjgg vvevevenne Average bicycle occupancy

OCCpggg -+ vvvvveens Average pedestrian occupancy

OCCpgqy -+ vvvvoeees Pedestrian occupancy after the opposing queue clears

OCC,....covvvuenn. Relevant average pedestrian and bicycle occupancy

OFRF ..covvvveaann. Off-ramp flow rate, veh/h

ONRF....cccvveen.. On-ramp flow rate, veh/h

(0172 I Out-of-vehicle travel time, min

P, 1. Proportion of all vehicles arriving during green (15, 16, 26).
2. Primary phase (16). 3. Bicycle or pedestrian directional split (19).
4. Maximum single-track capacity in passengers per peak-hour
direction (27). 5. Total number of person trips (29). 6. Number of
transit passengers onboard, p (29). 7. Length of subperiod, h (30).

o pedestrian, passenger, or person

Do Proportion of total flow rate traveling in the subject direction

P i Adjustment to the major-street |eft turn, minor-street through
movement impedance factor

P Product of the probabilities of queue-free states of Rank 1 and Rank 2
vehicles

p*o,x .................... A factor indicating the probability there will be no queue in the shared
lane for major-street Movements 1 and 4, where x is the particular
movement being considered

Pl i Passenger volume during the peak 15 min

Py First parameter for percentile back of queue factor

Py, Second parameter for percentile back of queue factor

Pg e Third parameter for percentile back of queue factor

Py 1. Alighting passengers per bus through the busiest door during the
peak 15 min, p (27). 2. Proportion of travelers preferring Option a

28).

Poagfeveneveneeineees ,(Adj)usted probability of degree of conflict

Ppeeoreeiieeiiciia Boarding passengers per bus through the busiest door during the peak
15 min, p

N Boarding passenger volume per transit vehicle for each route served by
the waiting area during the peak 15 min, p

Py Maximum allowed passenger load per car, p
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oo T Passenger car pc—q,

Py, 1. Transit passenger volume through the busiest door during the peak
15 min, p (27). 2. Number of transit passengers experiencing delay, p
(29).

(O [ Probability of degree of conflict case C;

PF i, Progression adjustment factor

PFy i, Adjustment factor for the effects of progression in the first term queued
vehicles

Prpeiiiciniinie, An adjustment factor to compute v, at diverge influence area

Prpg oo, An adjustment factor to compute v, at merge influence area

PHD ....ccovevveuene Total person-hours of delay

PHF .ot Peak-hour factor

PHT oo Person-hours of travel in corridor, veh-h

PHT oo, Person-hours of travel under free-flow condition, p-h

L Person-hours traveled on transit, h

Py oo Proportion of heavy vehicles

Pl Proportion of the analysis period for major-street flow Regimei

PkmT......ccovveeeene Person-kilometers of travel, person-km

Pl Proportion of left-turning vehicles in the shared lane

Plgiii, Proportion of left-turn volume in the lane group

Plra i, Proportion of left protected green time to the total |eft green time

Pro Proportion of |eft turns in opposing single-lane approach

P, Loading level, p/m

Py, Minimum phase time, s

o Probability that conflicting movement x will operate in a queue-free
State

Pguiiiciiiiii, Proportion of recreational vehiclesin the traffic stream

Poroiiiinnn, Proportion of right-turn volume in the lane group

Prra coovenreninnnnn, Proportion of right protected green time to the total right green time

Proiiiiiiiii, Proportion of trucksin the traffic stream; also can include buses (21)

Prgaiiiien, Proportion of all trucksin the traffic stream that use crawl speedson a
specific downgrade

Prpigeeeeeenneeneenes Proportion of through and right-turning vehicles in opposing single-
lane approach

PTSF ...t Percent time-spent-following, %

PTSF, ccoveiinin. Percent time-spent-following for all segments combined, %

PTSFy.ciiiiininn. Percent time-spent-following in the analysis direction, %

PTSFpciiiiiine. Percent time-spent-following for the entire segment including the
passing lane, %

PTSF, .cccoovuvennen. Percent time-spent-following for Segment x, %

Qv 1. Average number of vehiclesin queue, veh (7, 16). 2. Queue left
over at end of previoustime period, veh (29). 3. Capacity of basic
freeway segment, multilane highway, or two-lane highway, pc/h/In
(30).

o JOTTTPUUUUUTUUR Vehicle arrival rate throughout the cycle, veh/s

(€ Percentile back of queue, veh

€ Queue size at the end of the permitted green period adjusted with
sneakers, veh

Qe Vehiclesarriving at the subject location during Time Slicet

Qi First term queued vehicles, veh

Qv Second term queued vehicles, veh

Qg veerreeeineenrenns 95th-percentile queue at a two-way stop-controlled intersection, veh

(O J Queue at beginning of a green arrow, veh

o T Arrival rate, veh/s
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Qb_Rpo

R

Initial queue at the start of the analysis period, veh

Lane group initial queue at the start of the analysis period per lane, veh
L eft-turn movement free queue or queue size at the end of theinterval
s, veh

Flow departing from upstream signalized intersection during green
phase

Green arrival time, veh/s

Queue size at the beginning of the protected green (green arrow)
period, veh

Queue length, km

Maximum queue length, veh

Bicycle flow rate in the opposing direction, bicyclesh

Queue size at the end of the permitted green period, veh

Average queue length while queue is present, veh

Queue size at the end of the interval dg veh

Residual queue or queue at the end of the effective green time, veh
Red arrival time, veh/s

Opposing queue ratio, the proportion of opposing flow rate originating
in opposing queues

Bicycle flow rate in the same direction, bicyclesh

Average queue length for the separate lane case for flared right-turn
calculations, veh

Average queue length for the shared-lane case for flared right-turn
calculations, veh

V ehicles departing from an upstream signalized intersection during
timedlicet

Total time spent by pedestrians waiting to cross the minor street during
onecycle, p-s

Total time spent by pedestrians waiting to cross the major street during
onecycle, p-s

Queue at beginning of unsaturated green, veh

Initial queue remaining from the preceding time period

1. Radius of corner curb, m (18). 2. Adjustment for rampsto compute
capacity on freeway facilities, veh/h (22). 3. Weaving ratio; theratio
of the smaller weaving flow to total flow in the weaving segment (24).
4. Right-side movement at an interchange (26). 5. Segment traversal
time, h (29). 6. Link traversal time, h (30). 7. Parameter (30).

1. Effectivered time, s (7, 10, 16). 2. Segment rank used in
algorithms to adjust for excess demand (29). 3. Ratio of off-peak
demand to peak demand rate (30).

Link traversal time when demand equals capacity, h

Ratio of busiest door usage to average door usage

Segment free-flow traversal time, h

1. Ratio of desired to actual entering volume for Entry Leg i (10).

2. Redtime, s(10).

Effectiveredtime, s

Ratio of desired to actual exiting volume for Exit Leg j

The minor-street red phase, or the Don’t Walk phase for pedestrian
signals, s

The major-street red phase, or the Don’t Walk phase for pedestrian
signals, s

Link travel time at free-flow link speed, h

Platoon ratio

Platoon ratio for the opposing flow based on opposing arrival type
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= SS Average queue storage ratio Ro—Sped

[ eeeeeeeneeenneenes Queue at the end of effective red time, veh

RQog vvereereasennns Percentile queue storage ratio

RS i Reference sum flow rate, veh/h

RT i, Right turn

RTOR...covevennne. Right turn on red

S 1. Averagetravel speed, km/h (7). 2. Pedestrian speed, m/min (18).
3. Average passenger-car travel speed, km/h (21, 23). 4. Space mean
speed of al vehiclesin the weaving segment, km/h (24). 5. Space
mean speed of the ramp influence area, km/h (25). 6. Mean segment
speed, km/h (29). 7. Link speed, km/h (30).

Sttt 1. Saturation flow rate, veh/h or veh/h/In. 2. Estimated standard
deviation for the sample (9). 3. Adjusted saturation flow per through
lane, veh/h (15).

St second

Sy 1. Averagetravel speed of through vehiclesin the segment or the entire
section, km/h (15). 2. Approach speed at a signalized intersection,
km/h (16). 3. Average pedestrian travel speed, m/s (18).

Spgeerreereeieeninns Bicycle travel speed, km/h

- S Southbound approach or movement

Sp e Mean bicycle speed on the path, m/s

Sp verereeniriie s Saturation flow rate of the bicycle lane, bicyclesh

SCoeieeiieiaea Urban street class

. 1. Speed for agiven flow rate, km/h (7). 2. Free-flow speed of train,
km/h (27). 3. Segment free-flow speed, km/h (29).

SEp e, Free-flow speed of the freeway approaching the merge or diverge area,
km/h

Spppeereeeeeiieenienns Mean speed of traffic measured in the field, km/h

SER e, The free-flow speed of the ramp at the point of the merge area, km/h

SEp s Free-flow speed of transit on facility, km/h

S, 1. Pedestrian walking speed over Segment i, m-s (18). 2. Bicycle
running speed over Segment i, km/h (19). 3. Mean speed of Link i,
km/h (30).

Sj e Saturation flow rate, veh/h

SL oo, Urban street section length, km

S v Lane group saturation flow rate, veh/h

) e, Adjusted saturation flow rate per lane, veh/h

T TP Filter saturation flow rate of permitted left turns, veh/h/In

SM oo, Speed margin (constant)

Sppaxrereeeeieenies 1. Maximum speed reached, m/s (11). 2. Maximum speed expected in
aweaving segment, km/h (24).

Sppip eeveereeereenens Minimum speed expected in aweaving segment, km/h

Sprerereenniee s Northbound approach service time to all-way stop-controlled
intersection, s

Sy eeeeereeieeniens Space mean speed of nonweaving vehicles in the weaving segment,
km/h

Y YT 1. Space mean speed of vehiclestraveling in outer lanes, km/h (25).
2. Base bus speed, km/h (27).

S e 1. Optimum speed, km/h (7). 2. Link free-flow speed, km/h (30).

S rerereerriieinans Base saturation flow rate, pc/h/In

Sp cvreeerreenenienns Average pedestrian speed, m/s; mean pedestrian speed on the path, m/s
(18)

Sp weeererreeeneeens Protected phase departure rate, veh/s

S — Pedestrian speed, m/min

6-11 Chapter 6 - Symbols



Highway Capacity Manual 2000

TL S

prog rog" TR Platoon speed from upstream signalized intersection to two-way stop-

controlled intersection, m/s
Speririieis 1. Space mean speed, km/h (7). 2. Space mean speed of vehicles

within the ramp influence area, km/h (25).

Sg verrreenniieinans Permitted phase departure rate, veh/s

St 1. Time mean speed, km/h (7). 2. Actua speed of transit on facility
including all delays, km/h (29).

R Urban street section (or segment) travel time, s

Speverriien, 1. Bustravel speed, km/h (27). 2. Train travel speed, km/h (27).

Sy preereereieenrens Saturation flow rate of through traffic, vehvh/In

Spy reereeerreieennens 1. Westbound approach service time to all-way stop-controlled

intersection, s (17). 2. Space mean speed of weaving vehiclesin the
weaving segment, km/h (24).

[ P 1. Duration of analysis period, h. 2. Total crosswalk occupancy time,
p-s (18). 3. Through movement (26). 4. Maximum number of trains
per hour (27). 5. Duration of analysis subperiod, h (29). 6. The
expected duration of the demand, h (30).

b, 1. Duration of initial queuein the analysis period, h (16). 2. Tota
crossing time for pedestrians, s (18). 3. Mean trip time, min/p (29).

e Length of time during which dispersing platoon passes the subject two-
way stop-controlled intersection

£ PR Critical gap adjustment factor for intersection geometry (T-intersection)

b 1. Averagetravel time over alength of a highway segment, h (7).

2. Travel time from the upstream signalized intersection to the subject
two-way stop-controlled intersection, s (17). 3. Passenger aighting

time, g/p (27).

b Passenger boarding time, s/p

Eppeeeeieimenninnes Operator and braking system reaction time, s

T Timeto clear initial queue present at the start of analysis period, s

Eoriire 1. Single pedestrian critical gap, s (11, 18). 2. Vehicular critical gap
time at atwo-way stop-controlled intersection, s (17). 3. Clearance
time between successive buses or trains, s (27).

Eo pase e Base critical gap, s

Bo G e Critical gap adjustment for approach grade, s

B Y e Critical gap adjustment for heavy vehicles, s

Bo T v Critical gap adjustment for each part of atwo-stage gap acceptance
process

by Dwell time, s

b Follow-up time, or the time span between the departure of one vehicle
from the minor street and the departure of the next vehicle, s

Er paseeereereeseenes Base follow-up time, s

by e Follow-up time adjustment for heavy vehicles, s

EG e Group critical gap, s

TH oo, Through

Tioireniines Number of trips originating at Point i

Erore 1. Trave time of the ith vehicle to traverse the section, h (7). 2. Start-
up lost time for ith vehicle, s (7).

Tjj e Number of trips going from Origin Point i to Destination Paint

T v Estimated number of trips between Origin Zonei and Destination Zone
j (29)

[ Number of trips leaving Destination j

O Jerk limiting time, s

| A Total intersection lost time, s
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L ost time per phase or movement lost time, s

Total lateral clearance, m

Time duration the detector is occupied by a passing vehicle, s

Door opening and closing time, s

Operating margin time, s

Number of person-trips using Point p

Passenger flow time, s/p

Duration of the blocked period for either the through movement or the
protected left-turn movement to atwo-way stop-controlled intersection,
s

Time duration of queue, s

Total running time on all segments, in a defined urban street section, s
Running time, s

Base bus running time, min/km

Bus running time losses, min/km

Available time-space, m2-s

Number of person-trips using Segment s

1. Servicetime, s(17). 2. Pedestrian start-up time, s (11, 18).

Total time-space available for circulating pedestrians, m2-s

Effective time-space, m?-s

Timeto cover single-track section, s

Time-space occupied by turning vehicles, m?-s

Urban street field travel time, s

Platoon travel time from upstream signalized intersection to subject
two-way stop-controlled intersection, s

Tota travel time, s

Total travel timefor all vehicles on the analysis segment during the
peak 15-min period, veh-h

Total travel time for Segment x, veh-h

Two-way left-turn lane

Number of person-trips using Segment x

Movement at an upstream intersection

Initial queue delay parameter

Utility function valued for Option a

Utility function valued for Option j

Measure of the traveler’s perceived value of an alternative

Hourly volume, veh/h or veh/h/In

1. Vehicular flow rate for peak 15-min period, veh/h or veh/h/In.

2. Pedestrian unit flow rate, p/min/m (18). 3. Pedestrian volume on
the subject roadway, p/15-min (18). 4. Tota bicycle flow rate, both
directions, bicycles’h (19). 5. Arrival flow rate at the downstream
intersection, veh/h (26). 6. Demand rate for current time period (29).
Anticipated approach flow rate in Lane 5 of the freeway, pc/h

Flow rate entering Lanes 1 and 2 immediately upstream of the merge
influence area or at the beginning of the deceleration lanein the diverge
influence area, pc/h

Volume during the peak 15 min of the peak hour, veh/15-min

Peak 15-min pedestrian flow rate, p/15-min

Counted volume for Segment a

Estimated volume for Segment a

Approach flow rate, veh/h

Approach flow rate at roundabouts, veh/h

Bicycle hourly volume, bicycles/h

1. Bicycleflow rate, bicycles’h (19). 2. Busflow rate, busesh (27).

=V,
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Voic™Viw Vipjg weeeeeemsmmsnnnnnnns Approach bicycle volume, bicyclesh

Vpigg eeeeeeeeeseeeennes Bicycle flow rate during the green interval for 1 h, bicycles’h

7 Flow rate of bicyclesin the opposing direction, bicycles'h

7S Flow rate of bicyclesin the subject direction, bicycles/h

(77, J SO Volume to capacity ratio

7R Circulating flow rate at roundabouts, veh/h

VoL i, Critical lane flow rate, veh/h

Viggereemeemmmimmennnnens Number of pedestrians waiting to cross the minor street during one
cycle, p/cycle

(7S The conflicting flow rate for Movement x, that is, the total flow rate
conflicting with Movement x, veh/h or p/h

VD Total flow rate on the downstream adjacent ramp from the subject
ramp, pc/h

|2 Passenger-car equivalent flow rate for the peak 15-min period in the
analysis direction, pc/h

|2 Number of pedestrians waiting to cross the major street during one
cycle, p/cycle

1722 [T vehicle

Vep wereeeesmreessennenans Flow rate in the separate lanes on minor street approach; used to
compute capacity for flared right-turn approach

Vi, Observed flow rate for the period when field data were obtained, vehvh

VE o Maximum total flow rate approaching a merge or diverge area on the
freeway, pc/h or pc/h/In

VEgoff reeeerememnennens Effective approaching flow rate for afour-lane freeway segment, pc/h

VEQ e Maximum total flow rate departing from a merge or diverge area on the
freeway, pc/h

R Unadjusted flow rate for the lane group, veh/h

Vgp weoeeeeeenenena, Unadjusted flow rate on the single lane in the lane group with the
highest volume

VHD ......cccoveuvn. Vehicle-hours of delay, h

VHT o Vehicle-hours of travel, veh-h

Vs 1. Adjusted flow rate for Lane Group i, veh/h (10). 2. Incoming
pedestrian volume for the subject crosswalk, p/cycle (18). 3. Flow rate
for Movement i under base conditions during peak 15 min, pc/h (25).
4. Demand flow rate for Lane Group i, veh/h (26).

Vigeeeeeeemneeeennens Total vehiclesin queue for field control delay study

VKMT oo, Vehicle-kilometers of travel, veh-km

VKMT 5eeiiiininn. Total travel on the analysis segment during the peak 15-min period,
veh-km

VKMTgpeeinnininnn. Total travel on the analysis segment during the peak hour, veh-km

VKMT, v Total travel for Segment x, veh-km

Vi, L eft-turn movement volume, vehvh

V) e 1. Lanegroup flow rate per lane, veh/h (16). 2. Minor left-turn flow
rate, veh/h (17).

Ve, Lane group flow rate including initial queue, veh/h

ViGrrrmmmienninans L eft-turn movement maximum sneakers, veh

Ve Left volume per lane, vehvh/In

(7% TR Adjusted left-turn flow rate, veh/h

7S Maximum flow rate, veh/h or veh/l/In

Vi, Desired speed for Vehiclen

Vo) o, Speed of nth vehicle at timet

Vg i, Vehicle ahead of subject Vehiclen

7 Total nonweaving flow in the weaving segment, pc/h
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|75 Demand volume for the full peak hour in the opposing direction of Vo—We
travel, veh/h

|7 1. Opposing flow rate for permitted left turns, veh/h (16). 2. Outgoing
pedestrian volume for the subject crosswalk, p/cycle (18). 3. Flow rate
of bicyclesin the opposing direction, bicycles/h (19). 4. Passenger-car
equivalent flow rate for the peak 15-min period in the opposing
direction of travel, pc/h (20). 5. Sum of approach volumes on
nonsubject approaches, veh/h (30).

| Larger of the two outer, or nonweaving, flows in the weaving segment,
pc/h

|7 S Smaller of the two outer, or nonweaving, flowsin the weaving
segment, pc/h

175 WP Average per lane demand related to flow in the outer lanes, pc/h/In

|7 Effective opposing flow rate, veh/h

Viglgeeseeersreesunanes Adjusted opposing flow rate per lane per cycle, veh

Vp coreeecmseneeiees 1. Pedestrian flow rate, p/s(11). 2. Pedestrian unit flow rate, p/min/m
(18). 3. Peak 15-min passenger-car equivalent flow rate, pc/h/In (20,
21, 23, 24, 25).

[/ 1. Unit flow rate, p/min/m (11). 2. Conflicting pedestrian flow rate,
p/h (16).

Vpedg «eeeeeeeeeseeees Pedestrian flow rate during the green interval for 1 h, p/h

/ST Flow rate of pedestrians in the opposing direction, p/h

Vprog oveeeeesseeeennes Progressed flow rate from upstream signalized intersection to compute
the effect of upstream signals

7P Flow rate of pedestrians in the subject direction, p/h

VR i Right-turn movement volume, veh/h

VR oo, Volume ratio; the ratio of weaving to total flow in the weaving segment

7 YRR Total ramp flow rate, pc/h

7 Volume of right turns at a specific intersection, veh/h

VR{gwermimnannnns Maximum total flow entering the ramp influence area, pc/h

VRrons Right-turn volume per lane, veh/l/In

|7 Flow rate of bicyclesin the subject direction, bicycles/h

2 YT IR Flow rate in the shared lanes; used to compute capacity for flared
right-turn approach

Vigtop -++evereeeeeeeeens Stopped vehicles count for field control delay study

Vi, Through movement volume, vehvh

Vi, Through volume per lane, vehvh/In

Vit ovveeenennimnnnnnns 1. Total approach volume, veh/h (10). 2. Total vehiclesarriving for
field control delay study (16).

Vippereememmnsnsinsnnnnnnns Total number of circulating pedestriansin one cycle, p/cycle

77T Total flow rate on the adjacent upstream ramp from the subject ramp,
pc/h

Vi Total weaving flow in the weaving segment, pc/h

2P Larger of the two weaving flowsin the weaving segment, pc/h

Vi ceeeeessinnninninnis Smaller of the two weaving flows in the weaving segment, pc/h

|20 The flow rate for Movement x for vehicular flows and pedestrian flows,
veh/h or p/h

Wi 1. Averagelanewidth, m. 2. Effective width of sidewalk, m (18).
2. West intersection (26).

W et Lane width, m

WALK + FDW .....Effective pedestrian green time at a signalized intersection, s

WB..oovovevern, Westbound approach or movement

WDW.........ccccu... Pedestrian Walk plus flashing Don't Walk, s

Weeooiiiieiiis Effective walkway width, m
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an_ ¢

Xt

Weaving intensity factor for prediction of nonweaving speed

Sum of widths and shy distances from obstructions on the walkway, m
Total walkway width, m

Weaving intensity factor for prediction of weaving speed

Volume to capacity ratio

1. Mean arrival rate, vehvh (7). 2. Degree of utilization, or vhy/3600
(17).

The mean value of the observation

Volume to capacity ratio of bicycle lanes (also termed degree of

saturation)

Critical volume to capacity ratio for the intersection

Critical volume to capacity ratio for planning procedure

The ith observation of the value

Position of nth vehicle at timet

Permitted phase volume to capacity ratio for leading or lagging left-turn
movement with protected-plus-permitted phase

Protected phase volume to capacity ratio for leading or lagging left-turn
movement with protected-plus-permitted phase

Degree of saturation at upstream intersection

Yellow plus al-red change and clearance interval (intergreen), s
Mean servicerate, veh/h

Sum of flow ratios for critical lane groups

Change and clearance interval time, s

Subject approach volume divided by 1000, veh/h/1000

The areaunder onetail of the normal curve beyond the acceptable
levels of probability that a queue will form at a bus stop (27), or failure

rate (29)

1. Platoon dispersion factor (17). 2. Constant to adjust degree of

conflict case probability to account for interdependence of headways
17).

Ei?persi on factor, or (1+ a)!

Minimum arrival (intrabunch) headway, s

Timeinterval or duration of one time step

Amount of change in speed

First derivative of travel time with respect to volume to capacity ratio

Offset between through movements at Intersectionsi and j at

interchange ramp terminal, s

Parameter for computing green extension time, veh/s

Arrival rate for approach or Lane x

Maximum desirable error in the estimate of the mean

Proportion of free (unbunched) vehicles
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