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Level of Service Criteria for Stop Sign Controlled Intersections 

The level of service criteria are given in Exhibit 20-2.  As used here, control delay is defined as the total 
elapsed time from the time a vehicle stops at the end of the queue until the vehicle departs from the stop line; 
this time includes the time required for the vehicle to travel from the last-in-queue position to the 
first-in-queue position, including deceleration of vehicles from free-flow speed to the speed of vehicles in 
queue. 

The average total delay for any particular controlled movement is a function three (capacity) factors: 
distribution of gaps in the major-street traffic stream, driver judgment in selecting gaps through which to 
execute the desired maneuvers, and the follow-up headways required by each driver in a queue. 

The basic capacity model assumes gaps in the conflicting movements are randomly distributed.  When 
traffic signals are present on the major street, upstream of the subject intersection, flows may not be 
random but will likely have some platoon structure.  Although the procedures in this chapter provide a 
method for approximating the operations of a TWSC intersection with an upstream signal, the operations 
of such an intersection is arguably best handled by including it in a complete simulation

LEVEL OF SERVICE AVERAGE CONTROL DELAY 
(sec/veh) 

A < 10 

B > 10 and < 15

C > 15 and < 25

D > 25 and < 35

E > 35 and < 50

F > 50

Average total delay less than 10 sec/veh is defined as Level of Service (LOS) A.  Follow-up times of less 
than 5 sec have been measured when there is no conflicting traffic for a minor street movement, so control 
delays of less than 10 sec/veh are appropriate for low flow conditions.  A total delay of 50 sec/veh is 
assumed as the break point between LOS E and F. 

The LOS criteria for TWSC intersections differ somewhat from the criteria used in Chapter 19 for 
signalized intersections, primarily because user perceptions differ among transportation facility types.  The 
expectation is that a signalized intersection is designed to carry higher traffic volumes and will present 
greater delay than an unsignalized intersection.  Additionally, several driver behavior considerations 
combine to make delays at signalized intersections less onerous than at unsignalized intersections.  For 
example, drivers at signalized intersections are able to relax during the red interval, where drivers on the 
minor approaches to unsignalized intersections must remain attentive to the task of identifying acceptable 
gaps and vehicle conflicts.  Also, there is often much more variability in the amount of delay experienced 
by individual drivers at unsignalized than signalized intersections.  For these reasons, it is considered that 
the total delay threshold for any given level of service is less for an unsignalized intersection than for a 
signalized intersection.

LOS F exists when there are insufficient gaps of suitable size to allow a side street demand to cross safely 
through a major street traffic stream.  This level of service is generally evident from extremely long total 
delays experienced by side street traffic and by queueing on the minor approaches.  The method, however, 
is based on a constant critical gap size - that is, the critical gap remains constant, no matter how long the 
side street motorist waits.  LOS F may also appear in the form of side street vehicles’ selecting 
smaller-than-usual gaps.  In such cases, safety may be a problem and some disruption to the major traffic 
stream may result.  It is important to note that LOS F may not always result in long queues but may result in 
adjustments to normal gap acceptance behavior.  The latter is more difficult to observe on the field than 
queueing, which is more obvious. 

Source: Highway Capacity Manual, 6th Edition. Transportation Research Board, National Research Council 

Exhibit 20-2. Level of Service Criteria for Stop-Controlled Intersections (Motor Vehciles)



Level of Service for Signalized Intersections 

Level of service for signalized intersections is defined in terms of delay, which is a measure of driver 
discomfort and frustration, fuel consumption, and lost travel time.  LOS can be characterized for the entire 
intersection, each intersection approach, and each lane group.  Specifically, level-of-service (LOS) criteria 
are stated in terms of the average stopped delay per vehicle.  The criteria are given in Exhibit 19-8.  
Delay may be measured in the field or estimated using procedures presented later in this chapter.  Delay 
is a complex measure and is dependent on a number of variables, including the quality of progression, 
the cycle length, the green ratio, and the v/c ratio for the lane group in question.  

LOS A describes operations with a control delay of 10 s/veh or less.  This level is typically assigned when 
the volume-to-capacity ratio is low and either progression is extremely favorable or the cycle length is 
very short.  If LOS A is the result of favorable progression, most vehicles arrive during a green indication 
and travel through the intersection without stopping.

LOS B describes operations with control delay between 10 and 20 s/veh.  This level is typically assigned 
when the volume-to-capacity ratio is low and either progression is highly favorable or the cycle length is 
short.  More vehicles stop than with LOS A.

Exhibit 19.8.  Level-of-Service Criteria for Signalized Intersections  (Motorized Vehicles)

LEVEL OF SERVICE STOPPED DELAY PER VEHICLE (SEC) 

A <10.0 

B > 10.0 and <20.0

C > 20.0 and < 35.0

D > 35.0 and < 55.0

E > 55.0 and < 80.0

F >80.0

LOS C describes operations with control delay between 20 and 35 s/veh.  This level is typically assigned 
when progression is favorable or the cycle length is moderate.  Individual cycle failures (i.e. one or more 
queued vehicles are not able to depart as a result of insufficient capacity during the cycle) may begin to 
appear at this level. The number if vehicle stopping is significant, although many vehicles still pass 
through the intersection without stopping.

LOS D describes operations with control delay between 35 and 55 s/veh.  This level is typically assigned 
when when the volume-to-capacity ratio is high and either progression is ineffective or the cycle length is 
long.  Many vehicles stop and individual cycle failures are noticeable.

LOS E describes operations with control delay between 55 and 80 s/veh.  This level is typically assigned 
when when the volume-to-capacity ratio is high, progression is unfavorable, and the cycle length is long.  
Individual cycle failures are frequent.

LOS F describes operations with control delay exceeding 80 s/veh or a volume-to-capacity ratio greater 
than 1.0.  This level, considered to be unacceptable to most drivers, often occurs with over-saturation, 
that is, when arrival flow rates exceed the capacity of the intersection. This level is typically assigned 
when the volume-to-capacity ratio is high, progression is very poor, and the cycle length is long.  Most 
cycles fail to clear the queue.

Source: Highway Capacity Manual, 6th Edition. Transportation Research Board, National Research Council 

1. If the v/c ratio for a lane group exceeds 1.0, a LOS F is assigned to the individual lane group. LOS for approach-based and
intersection-wide assessments are determined solely by the control delay.



HCM 6th Signalized Intersection Summary Existing Conditions
1: Rochester Road (M-150) & Auburn Road AM Peak Hour

Rochester Hills Chick-fil-A TIS Synchro 11 Report
Fleis & VandenBrink Engineering 10/12/2022

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 141 219 124 200 349 82 70 732 114 63 1025 105
Future Volume (veh/h) 141 219 124 200 349 82 70 732 114 63 1025 105
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1953 1953 1953 1953 1953 1953 1953 1953 1953 1969 1969 1969
Adj Flow Rate, veh/h 158 246 139 213 371 87 88 915 142 66 1079 111
Peak Hour Factor 0.89 0.89 0.89 0.94 0.94 0.94 0.80 0.80 0.80 0.95 0.95 0.95
Percent Heavy Veh, % 3 3 3 3 3 3 3 3 3 2 2 2
Cap, veh/h 184 373 166 238 479 214 110 1996 890 85 1961 875
Arrive On Green 0.10 0.10 0.10 0.13 0.13 0.13 0.06 0.54 0.54 0.05 0.52 0.52
Sat Flow, veh/h 1860 3711 1655 1860 3711 1655 1860 3711 1655 1875 3741 1668
Grp Volume(v), veh/h 158 246 139 213 371 87 88 915 142 66 1079 111
Grp Sat Flow(s),veh/h/ln 1860 1856 1655 1860 1856 1655 1860 1856 1655 1875 1870 1668
Q Serve(g_s), s 11.7 8.9 11.5 15.8 13.5 6.8 6.5 21.2 6.1 4.9 27.0 4.7
Cycle Q Clear(g_c), s 11.7 8.9 11.5 15.8 13.5 6.8 6.5 21.2 6.1 4.9 27.0 4.7
Prop In Lane 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 184 373 166 238 479 214 110 1996 890 85 1961 875
V/C Ratio(X) 0.86 0.66 0.84 0.90 0.77 0.41 0.80 0.46 0.16 0.77 0.55 0.13
Avail Cap(c_a), veh/h 258 435 194 258 479 214 112 1996 890 113 1961 875
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 62.1 60.7 61.8 60.1 59.0 56.0 65.1 19.8 16.4 66.1 22.3 17.0
Incr Delay (d2), s/veh 18.1 2.9 23.4 29.3 7.7 1.2 32.5 0.8 0.4 21.2 1.1 0.3
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 6.3 4.3 5.8 9.2 6.8 2.9 4.0 8.8 2.3 2.8 11.4 1.8
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 80.3 63.6 85.2 89.5 66.7 57.3 97.5 20.6 16.7 87.3 23.4 17.3
LnGrp LOS F E F F E E F C B F C B
Approach Vol, veh/h 543 671 1145 1256
Approach Delay, s/veh 74.0 72.7 26.0 26.2
Approach LOS E E C C

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s 13.0 81.9 24.5 20.7 14.9 80.0 20.5 24.7
Change Period (Y+Rc), s * 6.6 * 6.6 * 6.6 * 6.6 * 6.6 * 6.6 * 6.6 * 6.6
Max Green Setting (Gmax), s * 8.4 * 69 * 19 * 16 * 8.4 * 69 * 19 * 16
Max Q Clear Time (g_c+I1), s 6.9 23.2 17.8 13.5 8.5 29.0 13.7 15.5
Green Ext Time (p_c), s 0.0 7.4 0.1 0.5 0.0 8.9 0.2 0.2

Intersection Summary
HCM 6th Ctrl Delay 42.0
HCM 6th LOS D

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.



HCM 6th Signalized Intersection Summary Existing Conditions
2: Rochester Road (M-150) & Site Drive/Meijer-Lowe's Drive AM Peak Hour

Rochester Hills Chick-fil-A TIS Synchro 11 Report
Fleis & VandenBrink Engineering 10/12/2022

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 1 2 2 56 1 12 6 965 33 23 1364 3
Future Volume (veh/h) 1 2 2 56 1 12 6 965 33 23 1364 3
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 2000 2000 2000 1891 1891 1891 1938 1938 1938 1969 1969 1969
Adj Flow Rate, veh/h 2 3 1 79 1 0 7 1109 33 25 1499 3
Peak Hour Factor 0.63 0.63 0.63 0.71 0.71 0.71 0.87 0.87 0.87 0.91 0.91 0.91
Percent Heavy Veh, % 0 0 0 7 7 7 4 4 4 2 2 2
Cap, veh/h 154 103 34 146 136 0 340 3093 1380 465 3218 6
Arrive On Green 0.07 0.07 0.07 0.07 0.07 0.00 1.00 1.00 1.00 1.00 1.00 1.00
Sat Flow, veh/h 1439 1435 478 1356 1891 0 344 3681 1642 493 3830 8
Grp Volume(v), veh/h 2 0 4 79 1 0 7 1109 33 25 732 770
Grp Sat Flow(s),veh/h/ln1439 0 1914 1356 1891 0 344 1841 1642 493 1870 1967
Q Serve(g_s), s 0.2 0.0 0.3 8.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cycle Q Clear(g_c), s 0.2 0.0 0.3 8.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Prop In Lane 1.00 0.25 1.00 0.00 1.00 1.00 1.00 0.00
Lane Grp Cap(c), veh/h 154 0 138 146 136 0 340 3093 1380 465 1571 1653
V/C Ratio(X) 0.01 0.00 0.03 0.54 0.01 0.00 0.02 0.36 0.02 0.05 0.47 0.47
Avail Cap(c_a), veh/h 277 0 301 262 297 0 340 3093 1380 465 1571 1653
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 2.00 2.00 2.00 2.00 2.00 2.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 60.4 0.0 60.4 64.3 60.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Incr Delay (d2), s/veh 0.0 0.0 0.1 3.1 0.0 0.0 0.1 0.3 0.0 0.2 1.0 0.9
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.1 0.0 0.1 2.9 0.0 0.0 0.0 0.1 0.0 0.0 0.4 0.4
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 60.5 0.0 60.5 67.3 60.3 0.0 0.1 0.3 0.0 0.2 1.0 0.9
LnGrp LOS E A E E E A A A A A A A
Approach Vol, veh/h 6 80 1149 1527
Approach Delay, s/veh 60.5 67.3 0.3 1.0
Approach LOS E E A A

Timer - Assigned Phs 2 4 6 8
Phs Duration (G+Y+Rc), s 123.9 16.1 123.9 16.1
Change Period (Y+Rc), s * 6.3 6.0 * 6.3 6.0
Max Green Setting (Gmax), s* 1.1E2 22.0 * 1.1E2 22.0
Max Q Clear Time (g_c+I1), s 2.0 2.3 2.0 10.3
Green Ext Time (p_c), s 9.7 0.0 14.7 0.1

Intersection Summary
HCM 6th Ctrl Delay 2.7
HCM 6th LOS A

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.




