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QUESTION 1 

1.1 A 15 kN passenger vehicle originally traveling on a straight and level road gets onto a section 

of the road with a horizontal curve of radius = 300 m. If the vehicle was originally traveling at 

90 km/h, at sea level and has a front cross-sectional area of 3.2 m2. Determine: 

1.1.1. The additional horsepower on the curve the vehicle must produce to maintain the 

original speed.                (12) 

1.1.2. The total resistance force on the vehicle as it traverses the horizontal curve, and the 

total horsepower.                 (3) 

 

1.2 The elevated section of the M1 highway goes through Johannesburg central business district 

(CBD) and crosses a local street as shown in Figure 1. The partial cloverleaf exit ramp is on a 

3 percent downgrade, and all vehicles leaving the highway must stop at the intersection with 

the local street. Determine:             (15) 

1.2.1 Minimum ramp radius   

1.2.2 Length of the ramp for the following conditions: 

― Maximum speed on highway = 100 km/h 

― Distance between exit sign and exit ramp = 81 m 

― Letter height of road sign = 75 mm 

― Perception-reaction time = 2.5 s 

― Maximum superelevation = 0.08 

― Expressway grade = +2 %  

Assume that a driver can read a road sign within his or her area of vision at a distance of 15 m 

for each 25 mm of letter height, and the driver sees the stop sign immediately on entering the 

ramp. 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Layout of M1 Highway Ramp and a Local Street 
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QUESTION 2 

2.1. A traffic count taken between 7:00 a.m. and 2:00 p.m. on a rural highway found the following 

hourly volumes. 

Time Hourly volume 

07:00 - 08:00 310 

08:00 - 09:00 289 

09:00 - 10:00 241 

10:00 - 11:00 251 

11:00 - 12:00 267 

12:00 - 13:00 264 

13:00 – 14:00 243 

 

If these data were collected on a Tuesday in March, estimate the AADT on this section of 

highway. 

Assume that the expansion factors given in Tables 4.6, 4.7, and 4.8 apply.           (5) 

 

2.2. The speeds of five vehicles were measured at the mid-point of one kilometre section of 

roadway. The speeds for vehicles 1, 2, 3, 4 and 5 were 75, 72, 86, 83 and 78 km/h 

respectively. Assuming all vehicles were travelling at constant speed over this roadway 

section, calculate the time-mean speed and space-mean speed.            (5) 

 

2.3. Vehicle time headways and spacing’s were measured at a point along a highway, from a single 

lane, over the course of an hour. The average values were calculated as 2.5 s/veh for headway 

and 60 m/veh for spacing. Calculate the average speed of the traffic.                         (12) 

 

[22] 

QUESTION 3 

A freeway has a capacity of 4,500 vehicles per hour and a constant traffic volume of 3,500 vehicles per 

hour at 8:00 a.m. on a particular day.  At that time, a traffic accident happens and the freeway is closed 

for 15 minutes.  At 8:15 a.m. the freeway is partially opened with a capacity of 2,500 vehicles per hour.  

At 8:30 a.m., the freeway is completely opened with the capacity of 4,500 vehicles per hour.   

Draw the queuing diagram (time versus number of vehicles) and determine the time of queue 

dissipation, longest queue length, total delay, average delay per vehicle, and the longest wait of any 

vehicle. 

[25] 
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QUESTION 4 

4.1. Given: Urban six-lane freeway, 3.5 m wide lanes, 1.5 m wide shoulder on the right, 0.5 m 

shoulder on the left, Grade 3% 1.5 km long, 6% trucks, 3% intercity buses. 

― Peak hour factor = 0.90 

― Average highway speed = 100 km/h 

― Determine service volumes at Levels of service A, B, C, D, and E.       (10) 

 

4.2. Given rural two-lane highway with 3.75 m wide lanes, 3 m shoulders, overall long section in 

level terrain, ideal alignment with an average highway speed of 120 km/h, 100% passing 

opportunity, 6% tucks. If the DHV is 1900 vehicles/hour, determine the level of service 

provided.                    (10) 

  

[20] 

QUESTION 5 

An approach to a pre-timed signal has 25 seconds -of effective green in a 60-second cycle. The 

approach volume is 500 veh/h and the saturation flow rate is 1400 veh/h. 

 

Calculate the average vehicle delay assuming D/D/I queuing,  

 

[05] 
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Visual acuity ― 𝜑 = 2𝑡𝑎𝑛−1 (
𝐻

2𝐷
) 

― 𝑉𝐴 =
𝑑

𝐷
 

Heavy vehicle 

Gross weight 

― 𝑊 = 230 [
𝐿𝑁

𝑁−1
+ 23𝑁 + 36] 

Acceleration as a 

Function of 

Velocity 

― 
𝑑𝑢𝑡

𝑑𝑡
= 𝛼 − 𝛽𝑢𝑡 

― 𝑡 =
1

𝛽
ln

(𝛼−𝛽𝑢0)

𝛼−𝛽𝑢𝑡
 

― 𝑢𝑡 =
𝛼

𝛽
(1 − 𝑒−𝛽𝑡) + 𝑢0𝑒−𝛽𝑡 

― 𝑥 = ∫ 𝑢𝑡 𝑑𝑡
𝑡

0
= (

𝛼

𝛽
) 𝑡 −

𝛼

𝛽2 (1 − 𝑒−𝛽𝑡) +
𝑢0

𝛽
(1 − 𝑒−𝛽𝑡) 

Vehicle dynamic 

characteristics 

 

― 𝐹 = 𝑚𝑎 + 𝑅𝑎 + 𝑅𝑟𝑙 +  𝑅𝑔  

― 𝑅𝑎 =
𝜌

2
 𝐶𝐷 𝐴𝑓𝑣2                                    𝑃𝑅𝑎

=
𝜌

2
 𝐶𝐷 𝐴𝑓𝑣3 

― 𝑅𝑟𝑙 = 𝑓𝑟𝑙𝑊                                             𝑃𝑅𝑟𝑙
= 𝑓𝑟𝑙𝑊𝑣 

― 𝑅𝑐 =
0.077𝑣2𝑊

2𝑔𝑅
𝑣2 

― 𝑓𝑟𝑙 = 0.01 (1 +
𝑣

44.73
) 

― 𝑅𝑔 = 𝑊𝑔 

Braking Distance ― 𝑑𝑟 = 𝑣1𝑡𝑟 

― 𝑑𝑠 = 𝑑+𝑑𝑟 

― 𝑣2
2 = 𝑣1

2 ± 2𝑎𝑑 

― 𝑑𝐵 =
(𝑣1

2−𝑣2
2)

2𝑎
         if vehicle comes to a stop…….       𝑑𝐵 =

𝑣1
2

2𝑎
          

― 𝑑𝐵 =
𝑣1

2

2𝑔(
𝑎

𝑔
±𝐺)

                                                          𝑑𝐵 =
𝑉2

254[(
𝑎

𝑔
)±𝐺]

   

― 𝑢𝑢 = (
𝐷𝑏

𝐷𝑡
𝑢𝑡

2 + 𝑢𝑖
2) 

Stopping sight 

distance 

― 𝑆𝑆𝐷 =
𝑉𝑡

3.6
+

𝑉2

254[(
𝑎

𝑔
)±𝐺]

   

― 𝑆𝑆𝐷 = 0.278𝑢𝑡 +
𝑢1

2−𝑢2
2

254[(
𝑎

𝑔
)±𝐺]

   

 



 

 

Passing Sight 

Distance 

― PSD =d1 + d2 + d3  +d4  

― d1  =
t1(𝑣1 + 𝑣2)

2
    

― d2 = 𝑣2t2   

― d4 =
2

3
d2   

Spot Speed 

Studies 

― ū =
∑ 𝑢𝑖

𝑁
                                                           ū =

∑ 𝑓𝑖𝑢𝑖

∑ 𝑓𝑖
 

― 𝑆 = √
∑( 𝑢𝑖−ū)2

𝑁−1
                                  𝑆 = √

∑ 𝑓𝑖( 𝑢𝑖−ū)2

𝑁−1
 

― 𝑓(𝑥) =
1

σ√2𝜋
𝑒−(𝑥−𝜇)2/2𝑥𝜎2

 

― 𝑁 = (
𝑍𝜎

𝑑
)

2

                                      𝑍 = (𝑋 − 𝜇)/𝜎 

― 𝑆𝑑 = √(
𝑆1

2

𝑛1
) + (

𝑆2
2

𝑛2
) 

t-Test 

Comparison 

― 𝑇 =
ū1−ū2

(𝑆𝑝√
1

𝑛1
+

1

𝑛2
)
 

― 𝑆𝑝
2 =

(𝑛1−1)𝑆1
2+(𝑛2−1)𝑆2

2

𝑛1+𝑛2−2
 

Number of 

Counts Stations 
― 𝑛 =

𝑡𝛼/2,𝑁−1
2 (

𝑠2

𝑑2)

1+(1/𝑁)(𝑡𝛼/2,𝑁−1
2 )(

𝑠2

𝑑2)
 

Expansion 

Factors from 

Continuous 

Count Stations 

― 𝐻𝐸𝐹 =
𝑡𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑓𝑜𝑟 24−ℎ𝑟 𝑝𝑒𝑟𝑖𝑜𝑑

𝑣𝑜𝑙𝑢𝑚𝑒 𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑢𝑙𝑎𝑟 ℎ𝑜𝑢𝑟
 

― 𝐷𝐸𝐹 =
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑡𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑓𝑜𝑟 𝑤𝑒𝑒𝑘

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑢𝑙𝑎𝑟 𝑑𝑎𝑦
 

― 𝑀𝐸𝐹 =
𝐴𝐴𝐷𝑇

𝐴𝐷𝑇 𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑢𝑙𝑎𝑟 𝑚𝑜𝑛𝑡ℎ
 

 

 

 

 



 

 

Traffic Stream 

Parameters 

― 𝑞 =
𝑛∗3600

𝑇
         𝑞 =

𝑛

𝑡
                         𝑞 =

𝑛

∑ ℎ𝑖
𝑛
𝑖=1

                            𝑞 =
1

ℎ
                   

― 𝑡 = ∑ ℎ𝑖
𝑛
𝑖=1                        𝑡 =

1

𝑛
∑ 𝑡𝑖

𝑛
𝑖=1  

― 𝑢𝑡 =
∑ 𝑢𝑖

𝑛
𝑖=1

𝑛
                     

― 𝑢𝑠 =
𝑙

1

𝑛
∑ 𝑡𝑖

𝑛
𝑖=1

                  𝑢𝑠 =
𝑙

𝑡̅
                                  𝑢𝑠 =

1

1

𝑛
∑ [

1

𝑢𝑖 
]𝑛

𝑖=1

 

― 𝑘 =
𝑛

𝑙
                              𝑘 =

𝑛

∑ 𝑆𝑖
𝑛
𝑖=1

                           𝑘 =
1

𝑆
                       

― 𝑙 = ∑ 𝑆𝑖
𝑛
𝑖=1  

Basic Traffic 

Stream Models 

Speed-Density Model 

― 𝑢 = 𝑢𝑓 (1 −
𝑘

𝑘𝑗
) 

Flow-Density Model 

― 𝑞 = 𝑢𝑓 (𝑘 −
𝑘2

𝑘𝑗
) 

― 
𝑑𝑞

𝑑𝑘
= 𝑢𝑓 (1 −

2𝑘

𝑘𝑗
) = 0 

― 𝑘𝑐𝑎𝑝 =
𝑘𝑗

2
 

― 𝑢𝑐𝑎𝑝 = 𝑢𝑓 (1 −
𝑘𝑗

2𝑘𝑗
) =

𝑢𝑓

2
 

― 𝑞𝑐𝑎𝑝 = 𝑢𝑐𝑎𝑝 𝑘𝑐𝑎𝑝                           𝑞𝑐𝑎𝑝 =
𝑢𝑓𝑘𝑗

4
 

Speed-Flow Model 

― 𝑘 = 𝑘𝑗 (1 −
𝑢

𝑢𝑓
) 

― 𝑞 = 𝑘𝑗 (𝑢 −
𝑢2

𝑢𝑓
) 

 

 

 



 

 

Models of Traffic 

Flow 
𝑃(𝑛) =

(𝜆𝑡)𝑛𝑒−𝜆𝑡

𝑛!
 

𝜆 =
𝑞

3600
 

Queuing Theory 

 

D/D/1 

― 𝜆 =
3600

ℎ
= 𝑣𝑒ℎ/ℎ 

― 𝜇 =
3600

ℎ
= 𝑣𝑒ℎ/ℎ 

M/D/1                                                                   𝜌 =
𝜆

𝜇
                       𝜌 < 1.0                                                               

― 𝑄 =
𝜌

2(1−𝜌)
= 𝑣𝑒ℎ 

― 𝑤 =
1

2𝜇
(

𝜌

1−𝜌
) = 𝑚𝑖𝑛/𝑣𝑒ℎ 

― 𝑡 =
1

2𝜇
(

2−𝜌

1−𝜌
) = 𝑚𝑖𝑛/𝑣𝑒ℎ 

M/M/1                                                                𝜌 =
𝜆

𝜇
                       𝜌 < 1.0                                                               

― 𝑄 =
𝜌2

(1−𝜌)
= 𝑣𝑒ℎ 

― 𝑤 =
1

𝜇
(

𝜆

𝜇−𝜆
) = 𝑚𝑖𝑛/𝑣𝑒ℎ 

― 𝑡 =
1

𝜇−𝜆
= 𝑚𝑖𝑛/𝑣𝑒ℎ 

M/M/N                                                                  𝜌 =
𝜆

𝜇
                       𝜌/𝑁 < 1.0                                                               

― 𝑄 =
𝑃0𝜌𝑁+1

𝑁!𝑁
[

1

(1−
𝜌

𝑁
)

2] = 𝑣𝑒ℎ 

― 𝑤 =
𝜌+𝑄

𝜆
−

1

𝜇
= 𝑚𝑖𝑛/𝑣𝑒ℎ 

― 𝑡 =
𝜌+𝑄

𝜆
= 𝑚𝑖𝑛/𝑣𝑒ℎ 

M/M/N (Stuff) 

― Probability of having no vehicles 



 

 

𝑃0 =
1

∑
𝜌𝑛𝑐

𝑛𝑐! +
𝜌𝑁

𝑁! (1 −
𝜌
𝑁)

𝑁−1
𝑛𝑐=0

 

― Probability of having n vehicles 

𝑃𝑛 =
𝜌𝑛𝑃0

𝑛!
    for n ≤ 𝑁  

𝑃𝑛 =
𝜌𝑛𝑃0

𝑁𝑛−𝑁 𝑁!
    for n ≥ 𝑁  

― Probability of being in a queue 

𝑃𝑛>𝑁 =
𝑃0 𝜌𝑁+1

𝑁! 𝑁 (1 −
𝜌
𝑁)

 

Intersection 

Design 

― 𝑅𝑚𝑖𝑛= 
V2

127(e+𝑓𝑠)
      

― 𝑓𝑠= 0.21 - 0.001V 

― dISD = 0.278Vmajor ∗  tg     

― tg =  ta  +
w + La

0.167Vminor
 

LOS  

Basic Freeway 

Segment 

― 𝑃𝐻𝐹 =
𝑉

4∗𝑉15
   

― 𝐹𝐹𝑆 = 𝐵𝐹𝐹𝑆 – 𝑓𝐿𝑊 – 𝑓𝐿𝐶   – 𝑓𝑁 – 𝑓𝐼𝐷   

― 𝑓𝐻𝑉 =
1

1+𝑃𝑇(𝐸𝑇−1)+𝑃𝑅(𝐸𝑅−1)
 

― 𝑣𝑝 =
𝑉

𝑃𝐹𝐻∗𝑁∗ 𝑓𝐻𝑉∗𝑓𝑝
 

― 𝑉 = 𝑣𝑝 ∗  𝑃𝐻𝐹 ∗ 𝑁 ∗ 𝑓𝐻𝑉 ∗ 𝑓𝑝  

― 𝐷 =
𝑣𝑝

𝑆
  

― 𝐷𝐻𝑉 = 𝐴𝐴𝐷𝑇 ∗ 𝐾 ∗ 𝐷 

LOS  

Multilane 

Highway 

― 𝑉 =  𝑣𝑝 ∗ 𝑃𝐻𝐹 ∗ 𝑁 ∗ 𝑓𝐻𝑉    

― 𝐹𝐹𝑆 =  𝐵𝐹𝐹𝑆 – 𝑓𝐿𝑊– 𝑓𝐿𝐶 − 𝑓𝑀 − 𝑓𝐴   

― 𝑇𝐿𝐶 = 𝐿𝐶𝑅 + 𝐿𝐶𝐿 



 

 

LOS  

Two Lane 

Highway  

 

― 𝐹𝐹𝑆 =  𝑆 𝐹𝑀 +  0.0125
𝑉𝑓

𝑓𝐻𝑉
 

― 𝑣𝑝 =
𝑉

𝑃𝐻𝐹∗𝑓𝐺∗𝑓𝐻𝑉
 

― 𝐹𝐹𝑆 =  𝐵𝐹𝐹𝑆 –  𝑓𝐿𝑆 –  𝑓𝐴 

― 𝐴𝑇𝑆 =  𝐹𝐹𝑆 –  0.0125𝑣𝑝– 𝑓𝑛𝑝 

― 𝑃𝑇𝑆𝐹 = 𝐵𝑃𝑇𝑆𝐹 + 𝑓 𝑑

𝑛𝑝

 

― 𝐵𝑃𝑇𝑆𝐹 = 100(1 − 𝑒−0.000879𝑣𝑝) 

 

 

 

 

 

 

 

Constant Corresponding to Level of Confidence 

Confidence Level (%) Constant Z 

  

68.3 1.00 

86.6 1.50 

90.0 1.64 

95.0 1.96 

95.5 2.00 

98.8 2.50 

99.0 2.58 

99.7 3.00 

 

 

 

BRAKE FORCE COEFFICIENTS FOR VARIOUS SPEEDS 

Speed (Km/h) Brake Force Coefficients 

40 0.37 

60 0.32 

80 0.30 

100 0.29 

120 0.28 

140 0.27 



 

 

HOURLY EXPANSION FACTORS FOR A RURAL PRIMARY ROAD 

Hour Volume HEF Hour Volume HEF 

6:00–7:00 a.m. 294 42.00 6:00–7:00 p.m. 743 16.62 

7:00–8:00 a.m. 426 29.00 7:00–8:00 p.m. 706 17.49 

8:00–9:00 a.m. 560 22.05 8:00–9:00 p.m. 606 20.38 

9:00–10:00 a.m. 657 18.80 9:00–10:00 p.m. 489 25.26 

10:00–11:00 a.m. 722 17.10 10:00–11:00 p.m. 396 31.19 

11:00–12:00 p.m. 667 18.52 11:00–12:00 a.m. 360 34.31 

12:00–1:00 p.m. 660 18.71 12:00–1:00 a.m. 241 51.24 

1:00–2:00 p.m. 739 16.71 1:00–2:00 a.m. 150 82.33 

2:00–3:00 p.m. 832 14.84 2:00–3:00 a.m. 100 123.50 

3:00–4:00 p.m. 836 14.77 3:00–4:00 a.m. 90 137.22 

4:00–5:00 p.m. 961 12.85 4:00–5:00 a.m. 86 143.60 

5:00–6:00 p.m. 892 13.85 5:00–6:00 a.m. 137 90.14 

  

DAILY EXPANSION FACTORS FOR A RURAL PRIMARY ROAD 

Day of Week 
Average 

Volume 
DEF 

Monday 10,714 1.002 

Tuesday 9722 1.104 

Wednesday 11,413 0.940 

Thursday 10,714 1.002 

Friday 13,125 0.818 

Saturday 11,539 0.930 

Sunday 7895 1.359 

 

   

 

 

 



 

 

MONTHLY EXPANSION FACTORS FOR A RURAL PRIMARY ROAD 

Month ADT MEF 

January 1350 1.756 

February 1200 1.975 

March 1450 1.635 

April 1600 1.481 

May 1700 1.394 

June 2500 0.948 

July 4100 0.578 

August 4550 0.521 

September 3750 0.632 

October 2500 0.948 

November 2000 1.185 

December 1750 1.354 

 

 

 
 
 



 

 

 

 
 

 

 



 

 

 

 

 

 
 
 

 

 



 

 

 

 

 

 

  

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LEVEL-OF-SERVICE THRESHOLDS FOR A BASIC FREEWAY SEGMENT 

LOS Density Range (pc/km/ln) 

A 0–7 

B > 7–11 

C > 11–16 

D > 16–22 

E > 22–28 

F > 28 

EXHIBIT 23-2. LOS CRITERIA FOR BASIC FREEWAY SEGMENTS 

Criteria 

 LOS   

A B C D E 

 FFS = 120 km/h    

Maximum density (pc/km/ln) 7 11 16 22 28 

Minimum speed (km/h) 120.0 120.0 114.6 99.6 85.7 

Maximum v/c 0.35 0.55 0.77 0.92 1.00 

Maximum service flow rate 
(pc/h/ln) 

840 1320 1840 2200 2400 

 FFS = 110 km/h    

Maximum density (pc/km/ln) 7 11 16 22 28 

Minimum speed (km/h) 110.0 110.0 108.5 97.2 83.9 

Maximum v/c 0.33 0.51 0.74 0.91 1.00 

Maximum service flow rate 
(pc/h/ln) 

770 1210 1740 2135 2350 

 FFS = 100 km/h    

Maximum density (pc/km/ln) 7 11 16 22 28 

Minimum speed (km/h) 100.0 100.0 100.0 93.8 82.1 

Maximum v/c 0.30 0.48 0.70 0.90 1.00 

Maximum service flow rate 
(pc/h/ln) 

700 1100 1600 2065 2300 

 FFS = 90 km/h    

Maximum density (pc/km/ln) 7 11 16 22 28 

Minimum speed (km/h) 90.0 90.0 90.0 89.1 80.4 

Maximum v/c 0.28 0.44 0.64 0.87 1.00 

Maximum service flow rate 
(pc/h/ln) 

630 990 1440 1955 2250 



 

 

 
 

 

 

EXHIBIT 23-4. ADJUSTMENTS FOR LANE WIDTH 

Lane Width (m) Reduction in Free-Flow Speed, fLW (km/h) 

3.6 0.0 

3.5 1.0 

3.4 2.1 

3.3 3.1 

3.2 5.6 

3.1 8.1 

3.0 10.6 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

EXHIBIT 23-5. ADJUSTMENTS FOR RIGHT-SHOULDER LATERAL CLEARANCE 

 

Right-Shoulder 

Lateral Clearance 

(m) 

Reduction in Free-Flow Speed, fLC (km/h) 

Lanes in One Direction 

2 3 4 ≥ 5 

≥ 1.8 0.0 0.0 0.0 0.0 

1.5 1.0 0.7 0.3 0.2 

1.2 1.9 1.3 0.7 0.4 

0.9 2.9 1.9 1.0 0.6 

0.6 3.9 2.6 1.3 0.8 

0.3 4.8 3.2 1.6 1.1 

0.0 5.8 3.9 1.9 1.3 

 

 

 

EXHIBIT 23-6. ADJUSTMENTS FOR NUMBER OF LANE 

Number of Lanes (One Direction) Reduction in Free-Flow Speed, fN (km/h) 

≥ 5 0.0 

4 2.4 

3 4.8 

2 7.3 

 

 

 

EXHIBIT 23-7. ADJUSTMENTS FOR INTERCHANGE DENSITY 

Interchanges per Kilometre Reduction in Free-Flow Speed, fID (km/h) 

≤ 0.3 0.0 

0.4 1.1 

0.5 2.1 

0.6 3.9 

0.7 5.0 

0.8 6.0 

0.9 8.1 

1.0 9.2 

1.1 10.2 

1.2 12.1 

 

 

 

EXHIBIT 23-8. PASSENGER-CAR EQUIVALENTS ON EXTENDED FREEWAY SEGMENTS 

Factor 
Type of Terrain 

Level Rolling Mountainous 

ET (trucks and buses) 1.5 2.5 4.5 

ER (RVs) 1.2 2.0 4.0 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EXHIBIT 23-9. PASSENGER-CAR EQUIVALENTS FOR TRUCKS AND BUSES ON UPGRADES 

Upgrade 
(%) 

Length (km) 

ET   

Percentage of Trucks and Buses   

2 4 5 6 8 10 15 20 25 

< 2 All 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

 0.0–0.4 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

 > 0.4–0.8 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

≥ 2–3 > 0.8–1.2 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

 > 1.2–1.6 2.0 2.0 2.0 2.0 1.5 1.5 1.5 1.5 1.5 

 > 1.6–2.4 2.5 2.5 2.5 2.5 2.0 2.0 2.0 2.0 2.0 

 > 2.4 3.0 3.0 2.5 2.5 2.0 2.0 2.0 2.0 2.0 

 0.0–0.4 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

 > 0.4–0.8 2.0 2.0 2.0 2.0 2.0 2.0 1.5 1.5 1.5 

> 3–4 > 0.8–1.2 2.5 2.5 2.0 2.0 2.0 2.0 2.0 2.0 2.0 

 > 1.2–1.6 3.0 3.0 2.5 2.5 2.5 2.5 2.0 2.0 2.0 

 > 1.6–2.4 3.5 3.5 3.0 3.0 3.0 3.0 2.5 2.5 2.5 

 > 2.4 4.0 3.5 3.0 3.0 3.0 3.0 2.5 2.5 2.5 

 0.0–0.4 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

 > 0.4–0.8 3.0 2.5 2.5 2.5 2.0 2.0 2.0 2.0 2.0 

> 4–5 > 0.8–1.2 3.5 3.0 3.0 3.0 2.5 2.5 2.5 2.5 2.5 

 > 1.2–1.6 4.0 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 

 > 1.6 5.0 4.0 4.0 4.0 3.5 3.5 3.0 3.0 3.0 

 0.0–0.4 2.0 2.0 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

 > 0.4–0.5 4.0 3.0 2.5 2.5 2.0 2.0 2.0 2.0 2.0 

> 5–6 > 0.5–0.8 4.5 4.0 3.5 3.0 2.5 2.5 2.5 2.5 2.5 

 > 0.8–1.2 5.0 4.5 4.0 3.5 3.0 3.0 3.0 3.0 3.0 

 > 1.2–1.6 5.5 5.0 4.5 4.0 3.0 3.0 3.0 3.0 3.0 

 > 1.6 6.0 5.0 5.0 4.5 3.5 3.5 3.5 3.5 3.5 

 0.0–0.4 4.0 3.0 2.5 2.5 2.5 2.5 2.0 2.0 2.0 

 > 0.4–0.5 4.5 4.0 3.5 3.5 3.5 3.0 2.5 2.5 2.5 

> 6 > 0.5–0.8 5.0 4.5 4.0 4.0 3.5 3.0 2.5 2.5 2.5 

 > 0.8–1.2 5.5 5.0 4.5 4.5 4.0 3.5 3.0 3.0 3.0 

 > 1.2–1.6 6.0 5.5 5.0 5.0 4.5 4.0 3.5 3.5 3.5 

 > 1.6 7.0 6.0 5.5 5.5 5.0 4.5 4.0 4.0 4.0 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

EXHIBIT 23-10. PASSENGER-CAR EQUIVALENTS FOR RVs ON UPGRADES 

Upgrade 
(%) 

Length 
(km) 

   ER    

   Percentage of RVs    

2 4 5 6 8 10 15 20 25 

≤ 2 All 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 

> 2–3 0.0–0.8 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 

 > 0.8 3.0 1.5 1.5 1.5 1.5 1.5 1.2 1.2 1.2 

 0.0–0.4 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 

> 3–4 > 0.4–0.8 2.5 2.5 2.0 2.0 2.0 2.0 1.5 1.5 1.5 

 > 0.8 3.0 2.5 2.5 2.5 2.0 2.0 2.0 1.5 1.5 

 0.0–0.4 2.5 2.0 2.0 2.0 1.5 1.5 1.5 1.5 1.5 

> 4–5 > 0.4–0.8 4.0 3.0 3.0 3.0 2.5 2.5 2.0 2.0 2.0 

 > 0.8 4.5 3.5 3.0 3.0 3.0 2.5 2.5 2.0 2.0 

 0.0–0.4 4.0 3.0 2.5 2.5 2.5 2.0 2.0 2.0 1.5 

> 5 > 0.4–0.8 6.0 4.0 4.0 3.5 3.0 3.0 2.5 2.5 2.0 

 > 0.8 6.0 4.5 4.0 4.5 3.5 3.0 3.0 2.5 2.0 

EXHIBIT 23-11. PASSENGER-CAR EQUIVALENTS FOR TRUCKS AND BUSES ON 

DOWNGRADES 

Downgrade 

(%) 

Length 

(km) 

 ET  

Percentage of Trucks 

5 10 15 20 

< 4 

4–5 

4–5 

> 5–6 

> 5–6 

> 6 

> 6 

All 

≤ 6.4 

> 6.4 

≤ 6.4 

> 6.4 

≤ 6.4 

> 6.4 

1.5  

1.5  

2.0 

1.5 

5.5 

1.5 

7.5 

1.5 

1.5 

2.0 

1.5 

4.0 

1.5 

6.0 

1.5 

1.5 

2.0 

1.5 

4.0 

1.5 

5.5 

1.5 

1.5 

1.5 

1.5 

3.0 

1.5 

4.5 

 

EXHIBIT 23-12. URBAN FREEWAY FFS AND INTERCHANGE SPACING 

(SEE FOOTNOTE FOR ASSUMED VALUES) 

Number of 

Lanes 

 Free-Flow Speed (km/h)  

 Interchange Spacing (km)  

1.00 1.25 2.00 3.00 

2 94 97 101 103 

3 96 99 103 105 

4 98 102 106 108 

5 99 104 108 110 



 

 

EXHIBIT 20-2. LOS CRITERIA FOR TWO-LANE HIGHWAYS IN CLASS I 

LOS Percent Time-Spent-
Following 

Average Travel Speed 
(km/h) 

A ≤ 35 > 90 

B > 35–50 > 80–90 

C > 50–65 > 70–80 

D > 65–80 > 60–70 

E > 80 ≤ 60 

 

 

 

EXHIBIT 20-3. LOS CRITERIA (GRAPHICAL) FOR TWO-LANE HIGHWAYS IN CLASS I 

 

 

 

EXHIBIT 20-4.  LOS CRITERIA FOR TWO-LANE HIGHWAYS IN CLASS II 

LOS Percent Time-Spent-Following 

A ≤ 40 

B > 40–55 

C > 55–70 

D > 70–85 

E > 85 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EXHIBIT 20-5. ADJUSTMENT (fLS) FOR LANE WIDTH AND SHOULDER WIDTH 

Lane Width 
(m) 

 Reduction in FFS (km/h)  

 Shoulder Width (m)  

≥ 0.0 < 0.6 ≥ 0.6 < 1.2 ≥ 1.2 < 1.8 ≥ 1.8 

2.7 < 3.0 10.3 7.7 5.6 3.5 

≥ 3.0 < 3.3 8.5 5.9 3.8 1.7 

≥ 3.3 < 3.6 7.5 4.9 2.8 0.7 

≥ 3.6 6.8 4.2 2.1 0.0 

EXHIBIT 20-6. ADJUSTMENT (fA) FOR ACCESS-POINT DENSITY 

Access Points per km Reduction in FFS (km/h) 

0 0.0 

6 4.0 

12 8.0 

18 12.0 

≥ 24 16.0 

EXHIBIT 20-7. GRADE ADJUSTMENT FACTOR (fG) TO DETERMINE SPEEDS ON  
TWO-WAY AND DIRECTIONAL SEGMENTS 

Range of Two-Way Flow 
Rates (pc/h) 

Range of Directional 
Flow Rates (pc/h) 

Type of Terrain 

Level Rolling 

0–600 0–300 1.00 0.71 

> 600–1200 > 300–600 1.00 0.93 

> 1200 > 600 1.00 0.99 

EXHIBIT 20-8. GRADE ADJUSTMENT FACTOR (fG) TO DETERMINE PERCENT TIME-SPENT-FOLLOWING ON  
TWO-WAY AND DIRECTIONAL SEGMENTS 

Range of Two-Way Flow Rates 
(pc/h) 

Range of Directional Flow 
Rates (pc/h) 

Type of Terrain 

Level Rolling 

0–600 0–300 1.00 0.77 

> 600–1200 > 300–600 1.00 0.94 

> 1200 > 600 1.00 1.00 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EXHIBIT 20-9. PASSENGER-CAR EQUIVALENTS FOR TRUCKS AND RVS TO DETERMINE SPEEDS ON 
TWO-WAY AND DIRECTIONAL SEGMENTS 

Vehicle Type 
Range of Two-Way 
Flow Rates (pc/h) 

Range of Directional 
Flow Rates (pc/h) 

Type of Terrain 

Level Rolling 

Trucks, ET 
0–600 

> 600–1,200 
> 1,200 

0–300 
> 300–600 

> 600 

1.7 
1.2 
1.1 

2.5 
1.9 
1.5 

RVs, ER 
0–600 

> 600–1,200 
> 1,200 

0–300 
> 300–600 

> 600 

1.0 
1.0 
1.0 

1.1 
1.1 
1.1 

EXHIBIT 20-10. PASSENGER-CAR EQUIVALENTS FOR TRUCKS AND RVS TO DETERMINE PERCENT 
TIME-SPENT-FOLLOWING ON TWO-WAY AND DIRECTIONAL SEGMENTS 

Vehicle Type Range of Two-Way 

Flow Rates (pc/h) 

Range of Directional 

Flow Rates (pc/h) 

Type of Terrain 

Level Rolling 

Trucks, ET 

0–600 

> 600–1,200 

> 1,200 

0–300 

> 300–600 

> 600 

1.1 

1.1 

1.0 

1.8 

1.5 

1.0 

RVs, ER 

0–600 

> 600–1,200 

> 1,200 

0–300 

> 300–600 

> 600 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

EXHIBIT 20-11. ADJUSTMENT (fnp) FOR EFFECT OF NO-PASSING ZONES ON AVERAGE TRAVEL 
SPEED ON TWO-WAY SEGMENTS 

Two-Way Demand 

Flow 

Rate, vp (pc/h) 

Reduction in Average Travel Speed (km/h) 

No-Passing Zones (%) 

0 20 40 60 80 100 

0 0.0 0.0 0.0 0.0 0.0 0.0 

200 0.0 1.0 2.3 3.8 4.2 5.6 

400 0.0 2.7 4.3 5.7 6.3 7.3 

600 0.0 2.5 3.8 4.9 5.5 6.2 

800 0.0 2.2 3.1 3.9 4.3 4.9 

1000 0.0 1.8 2.5 3.2 3.6 4.2 

1200 0.0 1.3 2.0 2.6 3.0 3.4 

1400 0.0 0.9 1.4 1.9 2.3 2.7 

1600 0.0 0.9 1.3 1.7 2.1 2.4 

1800 0.0 0.8 1.1 1.6 1.8 2.1 

2000 0.0 0.8 1.0 1.4 1.6 1.8 

2200 0.0 0.8 1.0 1.4 1.5 1.7 

2400 0.0 0.8 1.0 1.3 1.5 1.7 

2600 0.0 0.8 1.0 1.3 1.4 1.6 

2800 0.0 0.8 1.0 1.2 1.3 1.4 

3000 0.0 0.8 0.9 1.1 1.1 1.3 

3200 0.0 0.8 0.9 1.0 1.0 1.1 



 

 

EXHIBIT 20-12. ADJUSTMENT (fd/np)FOR COMBINED EFFECT OF DIRECTIONAL DISTRIBUTION OF 
TRAFFIC AND PERCENTAGE OF NO-PASSING ZONES ON PERCENT TIME-SPENT-FOLLOWING ON 

TWO-WAY SEGMENTS 

Two-Way 
Flow 

Rate, vp (pc/h) 

Increase in Percent Time-Spent-Following (%) 

No-Passing Zones (%) 

0 20 40 60 80 100 

Directional Split = 50/50 

≤ 200 0 10.1 17.2 20.2 21 21.8 

400 0 12.4 19 22.7 23.8 24.8 

600 0 11.2 16 18.7 19.7 20.5 

800 0 9 12.3 14.1 14.5 15.4 

1400 0 3.6 5.5 6.7 7.3 7.9 

2000 0 1.8 2.9 3.7 4.1 4.4 

2600 0 1.1 1.6 2 2.3 2.4 

3200 0 0.7 0.9 1.1 1.2 1.4 

Directional Split = 60/40 

≤ 200 1.6 11.8 17.2 22.5 23.1 23.7 

400 0.5 11.7 16.2 20.7 21.5 22.2 

600 0 11.5 15.2 18.9 19.8 20.7 

800 0 7.6 10.3 13 13.7 14.4 

1400 0 3.7 5.4 7.1 7.6 8.1 

2000 0 2.3 3.4 3.6 4 4.3 

≥ 2600 0 0.9 1.4 1.9 2.1 2.2 

Directional Split = 70/30 

≤ 200 2.8 13.4 19.1 24.8 25.2 25.5 

400 1.1 12.5 17.3 22 22.6 23.2 

600 0 11.6 15.4 19.1 20 20.9 

800 0 7.7 10.5 13.3 14 14.6 

1400 0 3.8 5.6 7.4 7.9 8.3 

≥ 2000 0 1.4 4.9 3.5 3.9 4.2 

Directional Split = 80/20 

≤ 200 5.1 17.5 24.3 31 31.3 31.6 

400 2.5 15.8 21.5 27.1 27.6 28 

600 0 14 18.6 23.2 23.9 24.5 

800 0 9.3 12.7 16 16.5 17 

1400 0 4.6 6.7 8.7 9.1 9.5 

≥ 2000 0 2.4 3.4 4.5 4.7 4.9 

Directional Split = 90/10 

≤ 200 5.6 21.6 29.4 37.2 37.4 37.6 

400 2.4 19 25.6 32.2 32.5 32.8 

600 0 16.3 21.8 27.2 27.6 28 

800 0 10.9 14.8 18.6 19 19.4 

≥1400 0 5.5 7.8 10 10.4 10.7 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EXHIBIT 20-13. GRADE ADJUSTMENT FACTOR (fG) FOR ESTIMATING AVERAGE TRAVEL SPEED ON 
SPECIFIC UPGRADES 

Grade (%) Length of Grade (km) 

Grade Adjustment Factor, fG 

Range of Directional Flow Rates vd (pc/h) 

0–300 > 300–600 > 600 

≥ 3.0 < 3.5 0.4 0.81 1.00 1.00 

 0.8 0.79 1.00 1.00 

 1.2 0.77 1.00 1.00 

 1.6 0.76 1.00 1.00 

 2.4 0.75 0.99 1.00 

 3.2 0.75 0.97 1.00 

 4.8 0.75 0.95 0.97 

 ≥ 6.4 0.75 0.94 0.95 

≥ 3.5 < 4.5 0.4 0.79 1.00 1.00 

 0.8 0.76 1.00 1.00 

 1.2 0.72 1.00 1.00 

 1.6 0.69 0.93 1.00 

 2.4 0.68 0.92 1.00 

 3.2 0.66 0.91 1.00 

 4.8 0.65 0.91 0.96 

 ≥ 6.4 0.65 0.90 0.96 

≥ 4.5 < 5.5 0.4 0.75 1.00 1.00 

 0.8 0.65 0.93 1.00 

 1.2 0.60 0.89 1.00 

 1.6 0.59 0.89 1.00 

 2.4 0.57 0.86 0.99 

 3.2 0.56 0.85 0.98 

 4.8 0.56 0.84 0.97 

 ≥ 6.4 0.55 0.82 0.93 

≥ 5.5 < 6.5 0.4 0.63 0.91 1.00 

 0.8 0.57 0.85 0.99 

 1.2 0.52 0.83 0.97 

 1.6 0.51 0.79 0.97 

 2.4 0.49 0.78 0.95 

 3.2 0.48 0.78 0.94 

 4.8 0.46 0.76 0.93 

 ≥ 6.4 0.45 0.76 0.93 

≥ 6.5 0.4 0.59 0.86 0.98 

 0.8 0.48 0.76 0.94 

 1.2 0.44 0.74 0.91 

 1.6 0.41 0.70 0.91 

 2.4 0.40 0.67 0.91 

 3.2 0.39 0.67 0.89 

 4.8 0.39 0.66 0.88 

 ≥ 6.4 0.38 0.66 0.87 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EXHIBIT 20-14. GRADE ADJUSTMENT FACTOR (fG) FOR ESTIMATING PERCENT TIME-
SPENTFOLLOWING ON SPECIFIC UPGRADES 

Grade (%) Length of Grade (km) 

Grade Adjustment Factor, fG 

Range of Directional Flow Rates, vd (pc/h) 

0–300 > 300–600 > 600 

≥ 3.0 < 3.5 0.4 1.00 0.92 0.92 

 0.8 1.00 0.93 0.93 

 1.2 1.00 0.93 0.93 

 1.6 1.00 0.93 0.93 

 2.4 1.00 0.94 0.94 

 3.2 1.00 0.95 0.95 

 4.8 1.00 0.97 0.96 

 ≥ 6.4 1.00 1.00 0.97 

≥ 3.5 < 4.5 0.4 1.00 0.94 0.92 

 0.8 1.00 0.97 0.96 

 1.2 1.00 0.97 0.96 

 1.6 1.00 0.97 0.97 

 2.4 1.00 0.97 0.97 

 3.2 1.00 0.98 0.98 

 4.8 1.00 1.00 1.00 

 ≥ 6.4 1.00 1.00 1.00 

≥ 4.5 < 5.5 0.4 1.00 1.00 0.97 

 0.8 1.00 1.00 1.00 

 1.2 1.00 1.00 1.00 

 1.6 1.00 1.00 1.00 

 2.4 1.00 1.00 1.00 

 3.2 1.00 1.00 1.00 

 4.8 1.00 1.00 1.00 

 ≥ 6.4 1.00 1.00 1.00 

≥ 5.5 < 6.5 0.4 1.00 1.00 1.00 

 0.8 1.00 1.00 1.00 

 1.2 1.00 1.00 1.00 

 1.6 1.00 1.00 1.00 

 2.4 1.00 1.00 1.00 

 3.2 1.00 1.00 1.00 

 4.8 1.00 1.00 1.00 

 ≥ 6.4 1.00 1.00 1.00 

≥ 6.5 0.4 1.00 1.00 1.00 

 0.8 1.00 1.00 1.00 

 1.2 1.00 1.00 1.00 

 1.6 1.00 1.00 1.00 

 2.4 1.00 1.00 1.00 

 3.2 1.00 1.00 1.00 

 4.8 1.00 1.00 1.00 

 ≥ 6.4 1.00 1.00 1.00 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EXHIBIT 20-15. PASSENGER-CAR EQUIVALENTS FOR TRUCKS FOR ESTIMATING AVERAGE SPEED ON 
SPECIFIC UPGRADES 

Grade (%) Length of Grade (km) 

Passenger-Car Equivalent for Trucks, ET 

Range of Directional Flow Rates, vd (pc/h) 

0–300 > 300–600 > 600 

≥ 3.0 < 3.5 0.4 2.5 1.9 1.5 

 0.8 3.5 2.8 2.3 

 1.2 4.5 3.9 2.9 

 1.6 5.1 4.6 3.5 

 2.4 6.1 5.5 4.1 

 3.2 7.1 5.9 4.7 

 4.8 8.2 6.7 5.3 

 ≥ 6.4 9.1 7.5 5.7 

≥ 3.5 < 4.5 0.4 3.6 2.4 1.9 

 0.8 5.4 4.6 3.4 

 1.2 6.4 6.6 4.6 

 1.6 7.7 6.9 5.9 

 2.4 9.4 8.3 7.1 

 3.2 10.2 9.6 8.1 

 4.8 11.3 11.0 8.9 

 ≥ 6.4 12.3 11.9 9.7 

≥ 4.5 < 5.5 0.4 4.2 3.7 2.6 

 0.8 6.0 6.0 5.1 

 1.2 7.5 7.5 7.5 

 1.6 9.2 9.0 8.9 

 2.4 10.6 10.5 10.3 

 3.2 11.8 11.7 11.3 

 4.8 13.7 13.5 12.4 

 ≥ 6.4 15.3 15.0 12.5 

≥ 5.5 < 6.5 0.4 4.7 4.1 3.5 

 0.8 7.2 7.2 7.2 

 1.2 9.1 9.1 9.1 

 1.6 10.3 10.3 10.2 

 2.4 11.9 11.8 11.7 

 3.2 12.8 12.7 12.6 

 4.8 14.4 14.3 14.2 

 ≥ 6.4 15.4 15.2 15.0 

≥ 6.5 0.4 5.1 4.8 4.6 

 0.8 7.8 7.8 7.8 

 1.2 9.8 9.8 9.8 

 1.6 10.4 10.4 10.3 

 2.4 12.0 11.9 11.8 

 3.2 12.9 12.8 12.7 

 4.8 14.5 14.4 14.3 

 ≥ 6.4 15.4 15.3 15.2 



 

 

 

 

 

EXHIBIT 20-16. PASSENGER-CAR EQUIVALENTS FOR TRUCKS AND RVS FOR ESTIMATING PERCENT 
TIME-SPENT-FOLLOWING ON SPECIFIC UPGRADES 

Grade (%) Length of Grade (km) 

Passenger-Car Equivalent for Trucks, ET 

RVs, ER 

Range of Directional Flow Rates, vd (pc/h) 

0–300 > 300–600 > 600 

≥ 3.0 < 3.5 0.4 1.0 1.0 1.0 1.0 

 0.8 1.0 1.0 1.0 1.0 

 1.2 1.0 1.0 1.0 1.0 

 1.6 1.0 1.0 1.0 1.0 

 2.4 1.0 1.0 1.0 1.0 

 3.2 1.0 1.0 1.0 1.0 

 4.8 1.4 1.0 1.0 1.0 

 ≥ 6.4 1.5 1.0 1.0 1.0 

≥ 3.5 < 4.5 0.4 1.0 1.0 1.0 1.0 

 0.8 1.0 1.0 1.0 1.0 

 1.2 1.0 1.0 1.0 1.0 

 1.6 1.0 1.0 1.0 1.0 

 2.4 1.1 1.0 1.0 1.0 

 3.2 1.4 1.0 1.0 1.0 

 4.8 1.7 1.1 1.2 1.0 

 ≥ 6.4 2.0 1.5 1.4 1.0 

≥ 4.5 < 5.5 0.4 1.0 1.0 1.0 1.0 

 0.8 1.0 1.0 1.0 1.0 

 1.2 1.0 1.0 1.0 1.0 

 1.6 1.0 1.0 1.0 1.0 

 2.4 1.1 1.2 1.2 1.0 

 3.2 1.6 1.3 1.5 1.0 

 4.8 2.3 1.9 1.7 1.0 

 ≥ 6.4 3.3 2.1 1.8 1.0 

≥ 5.5 < 6.5 0.4 1.0 1.0 1.0 1.0 

 0.8 1.0 1.0 1.0 1.0 

 1.2 1.0 1.0 1.0 1.0 

 1.6 1.0 1.2 1.2 1.0 

 2.4 1.5 1.6 1.6 1.0 

 3.2 1.9 1.9 1.8 1.0 

 4.8 3.3 2.5 2.0 1.0 

 ≥ 6.4 4.3 3.1 2.0 1.0 

≥ 6.5 0.4 1.0 1.0 1.0 1.0 

 0.8 1.0 1.0 1.0 1.0 

 1.2 1.0 1.0 1.3 1.0 

 1.6 1.3 1.4 1.6 1.0 

 2.4 2.1 2.0 2.0 1.0 

 3.2 2.8 2.5 2.1 1.0 

 4.8 4.0 3.1 2.2 1.0 

 ≥ 6.4 4.8 3.5 2.3 1.0 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EXHIBIT 20-17. PASSENGER-CAR EQUIVALENTS FOR RVS FOR ESTIMATING AVERAGE TRAVEL 
SPEED ON SPECIFIC UPGRADES 

Grade (%) Length of Grade (km) 

Passenger-Car Equivalent for RVs, ER 

Range of Directional Flow Rates, vd(pc/h) 

0–300 > 300–600 > 600 

≥ 3.0 < 3.5 0.4 1.1 1.0 1.0 

 0.8 1.2 1.0 1.0 

 1.2 1.2 1.0 1.0 

 1.6 1.3 1.0 1.0 

 2.4 1.4 1.0 1.0 

 3.2 1.4 1.0 1.0 

 4.8 1.5 1.0 1.0 

 ≥ 6.4 1.5 1.0 1.0 

≥ 3.5 < 4.5 0.4 1.3 1.0 1.0 

 0.8 1.3 1.0 1.0 

 1.2 1.3 1.0 1.0 

 1.6 1.4 1.0 1.0 

 2.4 1.4 1.0 1.0 

 3.2 1.4 1.0 1.0 

 4.8 1.4 1.0 1.0 

 ≥ 6.4 1.5 1.0 1.0 

≥ 4.5 < 5.5 0.4 1.5 1.0 1.0 

 0.8 1.5 1.0 1.0 

 1.2 1.5 1.0 1.0 

 1.6 1.5 1.0 1.0 

 2.4 1.5 1.0 1.0 

 3.2 1.5 1.0 1.0 

 4.8 1.6 1.0 1.0 

 ≥ 6.4 1.6 1.0 1.0 

≥ 5.5 < 6.5 0.4 1.5 1.0 1.0 

 0.8 1.5 1.0 1.0 

 1.2 1.5 1.0 1.0 

 1.6 1.6 1.0 1.0 

 2.4 1.6 1.0 1.0 

 3.2 1.6 1.0 1.0 

 4.8 1.6 1.2 1.0 

 ≥ 6.4 1.6 1.5 1.2 

≥ 6.5 0.4 1.6 1.0 1.0 

 0.8 1.6 1.0 1.0 

 1.2 1.6 1.0 1.0 

 1.6 1.6 1.0 1.0 

 2.4 1.6 1.0 1.0 

 3.2 1.6 1.0 1.0 

 4.8 1.6 1.3 1.3 

 ≥ 6.4 1.6 1.5 1.4 



 

 

 

 

 

 

 

 

 

 

 

 

 

EXHIBIT 20-18. PASSENGER-CAR EQUIVALENTS FOR ESTIMATING THE EFFECT ON AVERAGE 
TRAVEL SPEED OF TRUCKS THAT OPERATE AT CRAWL SPEEDS ON LONG STEEP DOWNGRADES 

Difference Between FFS 

and Truck Crawl Speed 

(km/h) 

Passenger-Car Equivalent for Trucks at Crawl Speeds, ETC 

Range of Directional Flow Rates, vd (pc/h) 

0–300 > 300–600 > 600 

≤ 20 4.4 2.8 1.4 

40 14.3 9.6 5.7 

≥ 60 34.1 23.1 13.0 


