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TOPIC 6

Highway Capacity and Level of
Service



Volume (V):

❖ Total number of vehicles that pass a point on a highway or a lane during a given time

interval (veh/h, veh/d, …)

Flow (q):

❖ Equivalent hourly rate at which vehicles pass a point on a highway/lane during a time

period less than 1 hour (veh/h)

Difference between volume, flow and PHF.
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Density (k):

❖ Number of vehicles traveling over a unit length of highway at an instant in time

(veh/km)

Speed (u):

❖ Distance traveled by vehicles during unit of time (km/h), and is defined as:

i. Time-mean speed (ത𝑢𝑡) – Arithmetic mean of speeds of all vehicles passing a point

during specified time interval
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ii. Space-mean speed (ത𝑢𝑠):– Arithmetic mean of speeds of all vehicles occupying a

relatively long section of the road at a given instant

Time headway (h):

❖ Difference between the time the front of a vehicle

arrives at a point on the highway and the time the

front of the next vehicle arrives

Space headway (d):

❖ Distance between front of a vehicle

and the front of the following vehicle
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❖ The general equation relating flow, density, and space mean speed is:

Flow = density * space-mean speed

❖ Fundamental Diagram of flow:

When k = 0, q = 0

❖ As k increases, q increases to a maximum value qmax

❖ As k increases beyond k0 (critical density), q decreases

❖ At maximum k = kj (jam density), q = 0 as cars would line up
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Capacity:

❖ The maximum hourly flow rate at which vehicles can reasonably be expected to

traverse a point or uniform section of a lane or roadway under prevailing roadway,

traffic and control conditions

▪ Roadway conditions:

– Associated with the geometric design of the road

– Examples: number of lanes, lane width, shoulder width, horizontal and vertical

alignment, …

▪ Traffic conditions:

– Associated with characteristics of traffic stream

– Examples: traffic composition, directional distribution on two-lane highways, …
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▪ Control conditions:

– Include traffic control devices, signal phasing, cycle length, …

❖ Capacity analysis involves the quantitative evaluation of the capability of a road

section to carry traffic

Level of service (LOS):

❖ It is a qualitative measure of:

– The operating conditions within a traffic system, and

– How these conditions are perceived by drivers and passengers
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❖ Six levels of service

– A highest

– B

– C

– D

– E

– F lowest
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LOS Designations:

• LOS A:

– Vehicles are completely unimpeded in their ability to manoeuvre

– FFS prevails and effects of incidents and breakdowns are easily absorbed

• LOS B:

– Reasonably free-flow conditions, and ability to manoeuvre is slightly restricted

– Effects of minor incidents and breakdowns are easily absorbed

• LOS C:

– Near free-flow speed, but freedom to manoeuvre is noticeably restricted

– Substantial local deterioration in service due to minor incidents
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• LOS D:

– Freedom to manoeuvre is more noticeably limited

– Minor incidents can create queuing

• LOS E:

– Operation is near capacity

– No useable gaps, and little room to manoeuvre

– Minor incidents cause immediate and extensive queuing

• LOS F:

– Breakdown in vehicular flow (forced-flow)

– Number of cars arriving at a point > the number discharged
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Figure 9.3b 

(Garber & Hoel 2013)

Note:

We will study LOS for three types of 

road segments:

– Basic freeway segments

– Multi-lane highways

– Two-lane highways



❖ A freeway is a divided highway with full access control and two or more lanes in each

direction

❖ Opposing traffic is separated by a raised barrier, an at-grade median, or a raised traffic

island
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❖ A freeway is composed of three elements:

i. Ramp junctions

– Merge influence area (1500 ft downstream an entrance)

– Diverge influence area (1500 ft upstream an exit)

ii. Weaving areas

– 500 ft upstream an entrance to 500 ft downstream following exit

iii. Basic freeway segments

– Segments outside the ramps or weaving influence areas
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Base conditions:

❖ Criteria to be satisfied for a basic freeway segment to operate at maximum capacity

❖ If any of the conditions is not met, segment’s capacity is reduced

Conditions:

– No weather or visibility issues or incidents affecting traffic flow

– Traffic stream is all passenger cars; i.e. no trucks, buses, or RV’s

– Lane width ≥ 12 ft (3.6 m)

– Lateral clearance (clearance between the body of the vehicle moving on the

outermost lane to any of the way side installations like sign posts, signal tree

etc)≥ 6 ft (1.8 m)
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– All drivers are commuters; i.e. regular users and are familiar with the freeway

– Total ramp density is zero

– Ramp density = total number of on and off ramps per mile in one

direction = number of on and off ramps within ± 3 miles divided by 6

– Traffic stream is not affected by upstream or downstream bottlenecks

– Level grade (G ≤2%)
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HCM procedure to estimate LOS:

❖ LOS of basic freeway segments is estimated based on:

– Flow rate, 𝑣𝑝 (pc/h/ln)

– Average car speed, S (mi/h)

– Density, D (pc/mi/ln)
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Step 1: Specify input data

– Demand volume

– Number and width of lanes

– Right-side lateral clearance

– Total ramp density

– Percent of heavy vehicles (trucks, buses & RVs)

– Terrain (segment length & grade)

– Composition of driver population (commuters, regular users, …)
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Step 2: Compute free-flow speed (FFS)

– Mean speed of passenger cars under low to moderate traffic flows

– Can be measured in the field (flow rate < 1000 pc/h/ln) or computed as:
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Step 3: Select FFS curve

– Select based on the computed value of FFS (Exhibit 12-16, 2016 HCM)

– Do not interpolate between curves
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Step 3: Select FFS curve
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Step 4: Compute the demand flow rate (𝑣𝑝) (HCM, 2000)
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Step 5: Estimate average passenger car speed (S)

– Equal to FFS at low flow rates (up to the breakpoint)

– Beyond the breakpoint, use the relevant equation:
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Step 5: Estimate average passenger car speed (S)

– Equal to FFS at low flow rates (up to the breakpoint of vp =1400 pc/h/ln):

– Beyond the breakpoint, use the relevant equation:
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Step 6: Compute the density (D)

𝐷 =
𝑣𝑝

𝑆

Step 7: Estimate LOS

– If D > 45 pc/mi/ln, there are three posible options:

– LOS = F

– Demand volume is greater than capacity

– Analysis procedure is not valid

– Otherwise, determine LOS based on Exhibit 12-16 (HCM, 2016), Exhibit 11-5

(HCM, 2010) (Exhibit 12-15 in 2016 HCM)
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Example 1: LOS – Basic Freeway Segments

Determine the LOS on a regular weekday on a 0.40-mi section of a six-lane urban

freeway with a grade of 2 percent, using the following data:8

– Demand hourly volume, V = 3000 veh/h, PHF = 0.85

– Percentage trucks = 12%, percentage RV’s = 2%

– Lane width = 11 ft, shoulder width = 6 ft

– Terrain = level

– Driver population adjustment factor fp = 0.9

– Ramp density: 4 diamond interchanges (2 ramps each) spaced 1.5 mi apart
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Solution:

42
Basic Freeway Segments

CEE 4612 – L. H. Kamisa



Solution:
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❖ Multilane highways differ from both two-lane highways and freeways

❖ They may exhibit some of the following characteristics:

– Posted speed limits are usually between 40 and 55 mi/h

– They may be undivided or include medians

– They are located in suburban areas or in high-volume rural corridors

– They may include a two-way left-turn median lane (TWLTL)

– Traffic volumes range from 15,000 to 40,000/day

– Volumes are up to 100,000/day with grade separations and no cross median

access

– Traffic signals at major crossing points are possible

– There is partial control of access

50
Multilane Highways

CEE 4612 – L. H. Kamisa



51
Multilane Highways

CEE 4612 – L. H. Kamisa



HCM procedure to estimate LOS:

❖ Similar to basic freeway segments, LOS of multilane highways is estimated based on:

– Flow rate, 𝑣𝑝(pc/h/ln)

– Average car speed, S (mi/h)

– Density, D (pc/mi/ln)

Step 1: Specify input data

– Demand volume

– Number and width of lanes

– Right-side and median lateral clearance

– Roadside access points per miles

– Percent of heavy vehicles (trucks, buses & RVs)

– Terrain (segment length & grade)

– Composition of driver population (commuters, regular users, etc)
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Step 2: Compute the value of free-flow speed (FFS)

– Can be measured in the field (flow rate < 1000 pc/h/ln) or computed as:
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Step 3: Select FFS curve

– Select based on the computed value of FFS (Exhibit 12-17, 2016 HCM)

– Do not interpolate between curves
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Step 4: Compute the demand flow rate (𝑣𝑝) (HCM, 2000)
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Step 5: Estimate average passenger car speed (S)

– Equal to FFS at low flow rates (up to the breakpoint of vp =1400 pc/h/ln):

– Beyond the breakpoint, use the relevant equation:

64
Multilane Highways

CEE 4612 – L. H. Kamisa



Step 6: Compute the density (D)

𝐷 =
𝑣𝑝

𝑆

Step 7: Estimate LOS

– Threshold of LOS F changes with FFS:

– Begins with D = 40 pc/mi/ln for 60 mi/h and increases to

45pc/mi/ln for 45 mi/h

– Otherwise, LOS criteria are similar to those on basic freeway segments

determine LOS based on Exhibit 11-5 (HCM, 2010)
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Example 1: LOS – Multilane Highways

A 3200 ft segment of 3.25 mi four-lane undivided multilane highway in a suburban area is

at a 2.5% grade. The highway is in level terrain, and lane widths are 11 ft. The measured

free-flow speed is 46.0 mi/h. The directional peak hour volume is 1900 veh/h, PHF is

0.9, and there are 13% trucks and 2% RV’s. Determine the LOS on the upgrade and

downgrade
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❖ For LOS analysis, two-lane highways are classified into three classes according to their

function:

– Class I:

– Function is to serve as primary arterials, daily commuter routes, and links to

other arterial highways

– Motorists’ expectations are that travel will be at relatively high speeds

– Class II:

– Function is to serve as access to Class I highways, and scenic byways

– Average trip lengths are shorter than on Class I highways

– Motorists’ expectation is slower travel speeds than on Class I highways

– Class III:

– Serve moderately developed areas. May be a portion of Class I or Class II

highway passing through a small town or recreational area

– May be used by local traffic and number of unsignalized access points is higher

than in rural areas
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❖ Base conditions for two-lane highways:

– No restrictive conditions due to geometric elements, traffic control, or

environment

– Level terrain

– Lane width ≥ 12ft

– Clear shoulders ≥ 6 ft

– Passing permitted with PSD > 1000 ft

– No restriction on through traffic due to control

– All passenger cars in traffic stream

❖ Capacity of a two-lane highway under base conditions is:

– 1700 pc/h for each direction of travel

– Nearly independent of directional distribution

– 3200 pc/h for the two directions of the extended segment

– If one direction reaches 1700 pc/h, the other direction is limited to 1500 pc/h

– 3200-3400 pc/h for short sections of two-lane highway, such as a tunnel or

bridge
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❖ Three measures to describe service quality:

– Percent time spent following another vehicle (PTSF):

– The average percentage of time that vehicles are traveling behind slower

vehicles (time headway between consecutive vehicles is less than 3 s)

– Average travel speed (ATS):

– The space mean speed of vehicles in the traffic stream

– Percent of free-flow speed (PFFS):

– A measure of the ability of vehicles to travel at the posted speed limit

❖ LOS criteria (Exhibit 15-3, 2010 HCM ):

– Class I highways: PTSF & ATS

– Class II highways: PTSF only ATS

– Class III highways: PFFS
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Exhibit 15-3, 2010 HCM



LOS Designations:

• LOS A:

– Class I: motorists travel at their desired speed; need for passing is below

capacity

– Class II: speeds are controlled by road conditions; small amount of platooning

is likely

– Class III: speeds close or equal to FFS

• LOS B:

– Class I: passing demand and capacity are balanced; some speed reduction is in

evidence

– Class II: some degree of platooning is noticeable

– Class III: maintaining FFS operation is difficult; speed is noticeably reduced
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LOS Designations:

• LOS C:

– All classes: most vehicles travel in platoons and speeds decrease

• LOS D:

– Platooning increases significantly

• LOS E:

– Demand is approaching capacity

– Class I&II: passing has become virtually impossible

– Class III: speeds are less than two-thirds of FFS

• LOS F:

– Congested flow

– Demand is greater than capacity in one direction
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❖ LOS on each direction is analyzed separately

– Procedure to compute PTSF applies to Class I & II highways

– Procedure to compute ATS applies to Class I & III highways

– Procedure to compute PFFS applies to Class III highways only

❖ Analysis can be carried out for:

– Direction segments in general terrain (level or rolling)

– Direction segments on specific grades (mountainous terrain or G ≥ 3% & L ≥

0.6 mi)

– Direction segments that include passing and truck climbing lanes
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Procedures for LOS analysis:

• Develop input data: Class I, II & III

– Geometry, volume, BFFS

• Estimate FFS: Class I & III

– Direct field measurement (volume < 200 veh/h)

– Field measurement with speed adjustment (volume > 200 veh/h)

– Adjustments to BFFS (𝑓𝐿𝑆, 𝑓𝐴 )

• Compute demand adjustments for ATS: Class I & III

– PHF, 𝑓𝐻𝑉,𝐴𝑇𝑆, 𝑓𝑔,𝐴𝑇𝑆
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Procedures for LOS analysis:

❖ Compute demand adjustments for PTSF: Class I & II

– PHF, 𝑓𝐻𝑉,𝑃𝑇𝑆𝐹, 𝑓𝑔,𝑃𝑇𝑆𝐹

❖ Estimate PTSF: Class I & II

– 𝑓𝑛𝑝,𝑃𝑇𝑆𝐹

❖ Estimate PFFS: Class III

❖ Determine LOS: Class I, II & III
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Estimating FFS:
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Estimating FFS:
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Estimating FFS:
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Demand adjustment for ATS:
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Estimating ATS:
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Estimating ATS:
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Demand adjustment for PTSF:
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Estimating PTSF:
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Estimating PFFS:

𝑃𝐹𝐹𝑆 =
𝐴𝑇𝑆𝑑
𝐹𝐹𝑆

Determining LOS
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Thank You!!!105
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