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COMPARISONS OF ROAL USER COSTS INCURREC FROM DELAYS 
AT VARIOUS TYPES OF RURAL INTERSECTIONS 

Traffic stops and slow downs cost the road user money. In stopping or 

slowing and then accelerating to his original speed, the driver expends money 

for wear on brakes and tires and for more fuel and oil than consumed in continu

ous, uniform speed driving. When considering intersections where turning 

movements necessitating slow downs are heavy or where a large traffic volume 

is stopped by traffic control devices, the cost to the motoring public is quite 

substantial. By incorporating certain features in intersection design such as 

special left-turn lanes or grade separated roadways the road user will realize 

savings due to the elimination of certain costly stops and slow downs, 

In many cases it is advisable to investigate the costs to the road user at an 

intersection where a change in design or signing is contemplated in order to de

termine if this change would be economically desirable. It is necessary to deter

mine the costs to the vehicles entering the intersection from each direction be

cause of the large range of circumstances effecting the total r .oad user costs. 

The average running speed of traffic on an average rural roadway is assumed to be 

50 mph. The costs of slow downs from 50 mph to slower speeds and then back to the 

original 50 mph speed are shown in Table I. These costs were obtained by the 

Committee of Planning and Design Policies of the American Association of State 

Highway Officials. 

TABLE I 

Passenger Veh. Speed Re- Cost per Passenger 
duced from 50 mph to Vehicle 

40 mph $ .0076 
30 mph .0127 
20 mph .0166 
10 mph .0187 

0 mph (no standing .0205 
delay) 

Each second of delay .0005 



These costs may seem small; however, they are very substantial when put on an 

annual basis. For instance, if 1500 vehicles per day were stopped due to a stop 

sign condition, and not delayed by cross traffic, the annual road user cost due 

to this required stop would amount to $11,2240 

The cost to any one motorist entering an at-grade intersection is dependent 

on other vehicles also entering the intersection. For example, if a motorist 

wishes to turn left, he must have an adequate gap between the vehicles entering 

the intersection from the opposite direction. If the gap is too short, he 

will be forced to stop and wait for an adequate gap. Graph I in the Appendix 

shows the percent of left-turning vehicles which are blocked due to insu:ffioient 

length gap. In Graph II the average delay to a left-turning vehicle which is 

blocked is shown. In performing the left turn, costs for slowing for the turn 

or for stopping and waiting for an adequate gap in the opposing traffic stream 

will be realized. The average cost to one left-turning vehicle is shown on 

Graph III. A motorist turning right will also need to slow down in order to 

negotiate his turn. Motorists following a turning vehicle will be required to 

either stop or slow their vehicles in order to avoid colliding into the turning 

vehicle from the rear. This slowing or stopping will result in extra cost to the 

road user. Costs to these vehicles are shown in Graphs IV and V of the Appendix. 

As can be expected, the erection of a stop sign will impose an additional 

cost on all motorists who are compelled to obey it. The average delay to the 

first vehicle stopped at the stop sign should be constant when waiting ror a 

gap in a given cross volume. However, as the number of stopped vehicles in

creases, additional delay will be incurred by vehicles waiting for the stopped 

vehicles ahead to proceed. Graphs VI and VII in the appendix were obtained 

by the Wisconsin Highway Department from delay studies conducted at nineteen 

rural intersections. These graphs show the relationship of average delay to 
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stopped volume and to the cross-volume. These graphs are combined to form 

Graph VIII which is used to determine the average delay to all stopped vehicles 

at a specified stopped volume and cross-volume. Extra costs will also accrue 

to all vehicles who stop for a red light at a signalized intersection. The 

number of vehicles who are required to stop for a fixed time signal will depend 

on the setting of the signal. Graph IX shows the number of vehicles stopped for 

different lengths of red time while Graph X shows their average delay. The 

number of vehicles stopped for a traffic actuated signal depends on the demands 

put on the signal from all legs. The number of vehicles who need stop, as 

observed at an Iowa intersection, at different opposing volumes is shown in 

Graph X. The average delay to these stopped vehicles is shown in Graph XI. 

The costs to all vehicles entering an intersection is equal to the sum 

of the costs to the vehicles entering on each leg. The cost of each leg can 

be found by using the accompanying charts. Charts I. II, and ITI are used 

to determine the costs of slowing and stopping to vehicles entering a two-

way stop intersection on a leg having no stop sign. This cost is the sum of 

the slowing costs of right-turning vehicles, slowing or stopping costs of· 

left-turning vehicles, and slowing costs to vehicles following turning 

vehicles. On a two-lane leg (Chart I), straight through vehicles will be 

slowed by both right and left- turning vehicles, while on a four-lane leg (Chart 

II), it is assumed that a motorist wishing to travel along a straight path will 

take the lane with the least number of turning vehicles. There~ore, he will only 

be slowed by the turning vehicles in this lane. When a special right or left-turn 

lane is provided on a two-lane leg, the costs are assumed to be the same as 

those on a four-lane leg. When a right or left-turn lane is provided on a 

two-lane leg, the costs are assumed to be the same as those on a four-lane 
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leg. When a right or left-turn lane is provided on a four- lane leg (Chart III), 

it is assumed that the vehicles wishing to continue straight through will not 

be detained by turning vehicles. 

The charts are used in the following manner. Enter the abscissa of ·the 

chart at the average daily volume entering the intersection on a particular 

leg during an average day. Proceed vertically upward to the nearest percen

tage of these approaching vehicles turning left. From this point continue hori

zontally to line A. Join the intersection point of line A with a straight line 

to the O point on line C. This line will intersect line Bat some point (d). 

Next enter the abscissa at the same point and proceed vertically downward to 

the nearest percentage of approaching vehicles turning right. From this point 

continue horizontally to line A. From this poi nt on line A draw a straight 

line to line C intersecting line Bat point (d). The intersection of this 

line with line C will denote the annual cost of stopping and slowing of ~11 

traffic entering on this leg of the intersection. 

The cost to vehicles entering an intersection on a leg havrng a stop 

sign is found by using Chart IV. The cost to these vehicles will be dependent 

on the volume of cross traffic which would detain their movement after coming 

to a stop. When they are approaching a 2-way stop intersection they rl11 need 

to have an adequate gap in both traffic streams approaching on the perpendicular 

legs. If they are approaching a four-way stop intersection, it is assumed 

that a stopped vehicle would only need an adequate gap in the traffic stream 

approaching on the leg to his right in that this traffic has the right to 

proceed through the intersection before him. To use the chart enter the abscissa 

at the average daily volume approaching the stop sign on the leg in question. 

Proceed vertically to the opposing volume. In the case of a 2-way stop inter

section this opposing volume is the sum of volume A and C as shown on the 
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diagram on the chart. For a four-way stop. as explained above, the opposing 

volume will only be the traffic approaching on the leg to his right , or volume 

C. From this point proceed horizontally to the ordinate where the annual cost 

to the vehicles approaching on one leg having a stop sign is shown. 

When the intersection is signalized, vehicles entering on a leg will 

either incur costs for stopping for a red light or for turning if a stop is 

not necessary. Charts V and VI are used to determine the costs of vehicles 

entering on a leg for stopping and turning. 

To use these charts enter the abscissa at the average daily volume entering 

on the leg in question and proceed vertically downward to the G/C ratio when 

using Chart V or the opposing volume when using Chart VI. The G/C ratio 

in most cases will equal the volume entering in the phase containing the leg 

in question divided by the total volume entering the intersection. The opposing 

volume in Chart VI will equal volumes C plus D. Next proceed horizontally 

to line E. From the intersection at line E draw a straight line through point 

e to line C. This intersection of line C (or point f) denotes the cost 

to vehicles who are stopped for the red light. 

Next enter the abscissa at the same volume and proceed vertically upward 

to the G/C ratio when using Chart V or to the opposing volume when using Chart 

VI. From this point proceed horizontally to line D. From the intersection 

point at line D proceed vertically upwards to the percentage of vehicles turning 

left and the percentage of vehicles turning right. From the percentage of 

left-turning vehicles proceed horizontally to line A. From the intersection 

at line A draw a straight line to point (f) intersecting line Bat some point (e). 

From the percentage of right-turning vehicles proceed horizontally to line A. 

From this intersection of line A draw a straight line through point e to line C. 

The intersection of this line with line C will denote the annual cost to all 

vehicles entering on the leg. 
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As illustrated above, the total annual cos t of s lowing and stoppi ng at 

any at-grade intersection can be determined by adding the costs of traffic 

entering on each leg, but it should be kept in mind that these costs are for 

rural intersections only. 

The annual costs of slowing and stopping will vary greatly for grade=sepa

rated interchanges, depending upon the design of the interchangeo Using a 

typical diamond interchange as an example, it is noted that motorists wishing 

to turn right will save distance by using a more direct route while motorists 

wishing to turn left will find their designated route further than if they were 

on an at-grade intersectiono On the typical diamond interchange chosen , 

a left-turning vehicle will drive approximately .25 mile further while right

turning vehicles will save .09 mile . The costs pertaining to these length 

differentials are incorporated into chart s VII and VIII . All right-turning ve

hicles are assumed to slow to 48 mph and merge with the traffic stream with no 

delay by using acceleration lanes. Left- turning vehicles on the minor route 

need only slow to turn and can then proceed when an adequate gap exists in the 

opposing traffic stream. These vehicles must then make a merging movement with 

the traffic on the major routeo Vehicles turning left from the major route will 

need to stop for a stop s i gn before mer ging with the minor traffico In us±ng 

Charts VII and VIII the same procedures. as previously explained for the use 

of the first three charts, are followed in determining the annual road user 

cost of vehicles enteri ng on one leg of the interchangeo The total cost will 

then be equal to the sum of the costs of traffic entering on the two minor 

legs and on the two major legso 

A synopsis indicating the charts that should be employed in determining 

the road user costs of traffic on legs having various types of controls and 

designs is shown below. 
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Type of Control on Leg Number of Lanes Chart Number 

None Two I 
None Two plus special turning lane II 
None Four II 
None Four plus special turning lane III 
Stop Sign Two or Four IV 
FiXed Time Signal Two or Four V 
Traffic Actuated Signal Two or Four VI 
Diamond Interchange Major approach VII 
Dic1:mond Interchange Minor approach VIII 

kn example of the use of these charts is shown where an average of 2500 

vehicles are entering on one intersection leg per day. It is assumed that 10% 

of these will turn left and 15% right. The annual road user costs on this 

leg are as follows : 

-
of Leg 

. 
Annual Road User Costs Design 

2-Lane No Stop Sign $ 5 0250 

4-Lane II II II 4 , 600 

' 
4-Lane (Channelized) 11 11 · II 4,000 

) 

2 or 4 Lane Stop Sign 21,500 

4-Lane Fixed Time Signal 17 ,500 

4-Lane Traffic Actuated Signal 13,100 

Diamond Interchange Minor Leg 3 ,850 

' Major Leg 3 0450 

As can be seen, features such as 4 lanes, special turning lanes, and grade 

separated interchanges mean a ~avings to the road user. A Stop sign o however 0 

increases costs greatly. 

The significance of this type of study can best be shown by analyzing 

the costs to the road user at several rural intersections in the state . I t is 

realized that some major changes such as signal systems have been ma.de at 

some of these intersections but the road user comparisons will still be helpful. 
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The first intersection to be examined is the junction of U.S. 63 and U.S. 30 

in Tama County. The 1959 approach traffic and turning movements are shown below. 

West 
Approach 

us 63 
North Approach 

1568 

East US 
Approach 30 

The annual road user costs are shown below. 1302 South Approach 

Type 
Number Annual Road User Costs 

of West East North South of Control Lanes IA.pproach Approach Approach Aooroach 
Total 

North-All Approaches '+,.500 4,400 13,700 11,300 JJ,900 
South 2-Lane 
Stop 
East- All Approaches 
West 2-Lane 22,100 21,700 4,850 3,400 52,0.50 
Stop 
North All Approaches 

2-Way South 4-Lane 
3,700 3,600 13,700 11,300 32,300 

Stop Stop 
East- All Approaches 
West 4-Lane 22,100 21,700 4,200 3,000 .51,000 
Stop 
North .. All Approaches 
South 4- Lane 3,600 3,500 13,700 11,300 32,100 
Stop t.:ith speci al 

Turning Lane 
East- All Approaches 
West 4-Lane 22,100 21,700 4,200 J,000 51,000 
Stop with special 

T"""ninD' Lan~ 
4-Way All All Approaches 20,900 20,700 lJ,000 10,800 6.5 ,400 Stop Stop 4-Lane 

Fixed Time All Approaches 12,700 12,4oO 14,.500 12 ,lOO .51,700 Signal 4-Lane 
Traffic Actu- All Approaches 11,800 11,8.50 10,100 8,600 42,3.50 ated Signal 4-Lane 

North All Approache~ 
South 4-Lane 4,100 1,800 .5,700 4,800 16,400 

Diamon:i Ma.ior 
Interchange East- All Approache~ 

West 4-Lane 3,800 1,800 5,800 4,900 16,JOO 
Major 
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Another example is the junction of US 30 and Ia. 14 in Marshall County south 

of Marshalltown. The approach traffic and turning movements are shown below. 

North 3410 
Ia. 14 

Approach I 

3.5% +35% 

4o% 

◄-----?~---- 3289 

5% 

East 
Approach 

40% 

West 3283----Lc.r--~'►~ 
Approach , 

5% 

The annual road user costs are shown 
below. 

Type Number 
of Control of 

Lane5 
North- All Approaches 
South 4-Lane 
Stop Exception 

South 

East-
All Approaches 

West 
4-La.ne 

Exception 
Stop South 2-Way All Approaches Stop North-
South 4-La.ne 

Stop with special 
Turning Lane 

East- All Approaches 

West 4-Lane 

Stop with special 
Turning Lane 

4-Way All All Approaches 
Stop Stop 4-Lane 

FiXed Time All Approaches 
Signal 4-Lane 

Traffic Actu All Approaches 
ated Signal 4-La.ne 

North- All Approaches 
South 4-Lane 

Diamond Ma:ior 
Interchange East- All Approaches 

West 4-La.ne Major 

us 30 

1309 South Approach 

Annual Road User Co5ts ·s ,. 

West East North South l!'otal 
Aooroach Aooroach Approach Approac} 

10,200 11,400 31,200 11,700 64,500 

29,300 29,400 17,100 1,900 77,700 

10,100 9,600 31,200 11,700 62,600 

29,300 29,400 16,000 1,700 76,400 

26,500 28,000 29,100 11,000 94,600 

24,700 24,700 27,850 8,500 85,750 

20,000 20,100 24,200 8,700 73,000 

20,700 2,050 15,500 1,900 40,150 

19,200 1,800 18,750 2,000 41,750 
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The last intersection to be examined in this report is Jct. US 169 and US 20 

southwest of Fort Dodge. The 1961 approach-,-t,raffic and turning movements are 

shown below. 

west 
Approach 
us 20 

us 169 
North Approach 

2CJ'J, 

2095---......,;;~~ .. 

1CJ'J, 

1908 
15% 

.... 71-~---3768 

4o% 

5%~ 60% 

East 
Approach 

I 2479 South Approach 

us 20 

The annual road user costs are shown below. 

Type Number Annual Road User Costs 
of Control of West East North South Total 

Lanes Annroacr. Jmnroacr. Approach Annroach 
North-
South All Approaches 4,200 14,500 16,800 22,000 57,500 
Stan 4-Lane 
East- All Approaches West 18,100 33,100 7,700 10,800 69,700 

2-Way Stop 4-Lane 
Stop All Approaches 

North- 4-Lane 
South with special 4,150 14,260 16,800 22,000 57,210 
Stop Turning Lane 

East-
All Approaches 

4-Lane West with special 18,100 33,100 7,600 10,550 69,350 
Stop Turning Lane 

4-Way All All Approaches 17,450 31,100 15,800 21,100 85,450 Stop Stop 4-Lane 
Fixed All Approaches 14,500 29,400 14,500 19,400 77,800 Time Signal 4-Lane 

Traffic Actu- All Approaches 
11,400 23,900 13,600 17,700 , 66,600 ated Signal 4-Lane \ 

North- All Approaches South 6,350 22,800 8,100 900 38,150 
Diamond Major 4-Lane 

Interchange East- All Approaches 
West 4-Lane 7,6oo 18,900 8,500 1,100 36,100 
Major 
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This method can be used to analyze road user costs on other rural inter

sections throughout the state when the need ariseso With road user cost com

parisons, savings realized as a result of future intersection improvements 

can be determined. However, road user savings are only pne criterion which 

can be used to justify future improvements. Other criteria ,, such as accident 

reduction and increased intersection capacitye, may dictate future improve

ments and added controls even though the economic savings does not justify 

these improvements. 

• 
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