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Learning Objectives 

• To define capacity and LOS for 
intersections 

• To define fundamental concepts such as 
critical lane group and critical path  

• To analyze the capacity and LOS for 
pretimed signalized intersections 

 (HCM Ch. 16; K&L Ch. 9.1~9.5.2) 

 

 

 



Overview 

• Analysis period is usually 15 min long 

 

 

 



Overview 

• Physical unit of analysis is lane group 

– Consider  

• geometry of the intersection  

• distribution of traffic movements 

– Use as few as needed 

– Exclusive left-turn lane 

– De facto left-turn lane 
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Input Parameters 

• Three categories: 
geometric, traffic, and 
signalization 

• When studying an existing 
intersection, use field data 

• When considering future 
conditions, use forecasted 
traffic data and proposed 
geometric and signal 
designs 



Input Parameters 

•  Number of lanes 

•  Lane widths 

•  Grade  

• Traffic movements using 

each lane (shown by 

arrows) 

•  Existence and location 

of curb parking lanes 

•  Existence and location 

of bus stops 

•  Existence and length of 

storage bays 

•  Other features such as 

channelization 

Each box 

shows a single 

phase or 

subphase 

during which 

the allowable 

movements 

remain 

constant 
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Demand Flow Rate 

• Obtain peak hour flow rate (vp) based on 
field observation or using: 

 



Demand Flow Rate 

• Adjust flow rate for Right-Turn on Red 
(RTOR): 

– Subtract RTOR volume from RT volume 

– If field data are not available, ignore RTOR, 
except in special cases 

– Remove free flowing RTs from RT volume 
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Saturation Flow Rate 

Flow (vph) that can be accommodated by the lane 
group assuming 100 % green time 



Base Saturation Flow Rate 

• Usually 1,900 passenger cars per hour per 
lane (pc/h/ln) 

 



Number of Lanes 

• In the lane group 

• To give base saturation flow for the lane 
group 

 



Adjust for Lane Width 

• Accounts for an reduced (increased) flow 
rate on narrow (wide) lanes 

• Standard is 12 ft 

 

 



Adjust for Heavy Vehicle 

• Accounts for the additional space occupied 
by these vehicles and for the difference in 
operating capabilities of heavy vehicles 
compared with passenger cars 

• 1 HV = 2.0 PCU 

 

 



Adjust for Grade 

• Account for the effect of grades on the 
operation of all vehicles 

 

 



Adjust for Parking 

• Nm is number of maneuvers in parking 
areas directly adjacent to the lane group 
and within 250 ft upstream from the stop 
line 

 

 

 



Adjust for Bus Blockage 

• When stopping buses block traffic flow in 
the subject lane group 

• Assume an average blockage time of 
14.4s during a green indication 

 

 

 



Adjust for Area Type 

• Account for the relative inefficiency of 
intersections in business districts in 
comparison with those in other locations 

 

 

 

 



Adjust for Lane Utilization 

• Actual lane volume distributions observed 
in the field should be used, if known 

• For Default values, see K&L Table 9-12  



Adjust for Left Turns 

• fLT=1.0 if the lane group does not include 
any left turns 

• 6 cases: 

 



Adjust for Left Turns 



Adjust for Right Turns 

• fRT=1.0 if the lane group does not include 
any right turns 

• Right-turn volume may be reduced by 
permitted RTOR volume 

 



Adjust for Pedestrians and 
Bicyclists 

 



Adjust for Pedestrians and 
Bicyclists 
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Capacity Analysis 

• Flow (v/s) ratio 
 

• Capacity 
 

• Volume to capacity (v/c) ratio  
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Capacity Analysis 

• Critical v/c ratio 

– v/c ratio for the intersection as a whole 



Capacity Analysis 

• Determining critical lane group and critical 
path 

– Where phases do not overlap 

• The lane group in each signal phase with the highest v/s ratio 
is the critical lane group 

• Critical path includes the critical lane groups from all signal 
phases   

(0.35) 

(0.30) 
(0.35) 

(0.30) 

= 0.70 

L = 2tL 



Capacity Analysis 

• Determining critical lane group and critical 
path 

– Where phases overlap 

• Excluding lost times, one critical lane group must be moving at 
all times during the signal cycle 

• At no time in the signal cycle may more than one critical lane 
group be moving 

• The critical path has the highest sum of v/s ratios 



Capacity Analysis 

Phase 1 is discrete: 

– Critical path is NB (0.3) 

 

Phase 2 has 2 possible paths: 

– EB T/R (0.3) + WB L (0.15) 

Total v/s ratio = 0.45 

 

– EB L (0.25) + WB T/R (0.25) 

Total v/s ratio = 0.50 

This is the critical path 

 

Over total of critical v/s ratio 

  = 0.80 



Capacity Analysis 

• Lost time tL is applied 
when a movement is 
initiated 

• Thus, tL is applied to 

– NB in Phase 1 

– EB L in Phase 2A 

– WB T/L in Phase 2B 

– None in Phase 2C!!! 

 Total lost time L = 3tL 

 



Signalized Intersection 
Methodology 

Input Parameters 

Lane Grouping &  

Demand Flow Rate 

Saturation  

Flow Rate 

Capacity and v/c 

Performance  

Measures 



Average Control Delay 

• The basis for LOS determination 

• For a given lane group: 



Adjust for Progression 

• P is either measured in the field or estimated from the 
arrival type 



Adjust for Progression 



Adjust for Progression 

 



Uniform Delay 

Assuming uniform 

arrivals, stable flow, 

and no initial queue 



Incremental Delay 

 

K=0.50 for pre-

timed signals 

I=1.0 for 

isolated 

intersection 



Initial Queue Delay 

If there is no residual queue from a previous time 
period to cause additional delay to vehicles 
arriving in the period of analysis 

d3 = 0 

 

Otherwise, calculate using the procedure given in 
HCM, Chapter 16, Appendix F 



Aggregated Delay Estimates 

Delay for an Approach 

Delay for an Intersection 



Determine LOS 

• measure of the acceptability of delay 
levels to motorists 

• Use the total control delay for the given 
intersection: 



Interpretation of Results 

• A critical v/c ratio of greater than 1.0 indicates that the signal and 
geometric design cannot accommodate the combination of critical 
flows at the intersection. The condition may be ameliorated by 
increased cycle length, changes in the phasing plan, and basic 
changes in geometrics. 

• When the critical v/c ratio is acceptable but the v/c ratios for critical 
lane groups vary widely, the green-time allocation should be 
reexamined, because disproportionate distribution of available green 
is indicated. 

 



Interpretation of Results 

• LOS measure is somewhat subjective: what might be acceptable in 
a large city is not necessarily acceptable in a smaller city or rural 
area 

• When delay levels are acceptable for the intersection as a whole but 
are unacceptable for certain lane groups, the phase plan, allocation 
of green time, or both might be examined to provide for more 
efficient handling of the disadvantaged movement(s) 

• When delay levels are unacceptable but v/c ratios are relatively low, 
the cycle length may be too long for prevailing conditions, the phase 
plan may be inefficient, or both.  

• When both delay levels and v/c ratios are unacceptable, the 
situation is critical. The full range of potential geometric and signal 
design improvements should be considered. 


