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Density (concentration): is number of vehicles occupying 1km (1 mile) length 
of a road at certain instant. units: veh/km (vpkm). 

 

𝑆𝑝𝑎𝑐𝑖𝑛𝑔 = 
1000

 
𝐷𝑒𝑛𝑠𝑖𝑡𝑦 

 
Example: Spacing = 10 m, Find Density. 

 
 
 
 

Solution: 

10 = 
1000 

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 

 
→ 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 = 1000 

10 

 
= 100 𝑣𝑒ℎ/𝑘𝑚 

Density 



 
 

Level of Service (LOS): is qualitative measurement describing the operational 
condition within the traffic stream. 

 

 

  

L.O.S Density Range (pc/mi/ln) 

A 0-11 

B >11-18 

C >18-26 

D >26-35 

E >35-45 

F >45 

 

Density 



 
 

Design service flow rate: Maximum hourly flow rate at which vehicle can be 
expected to pass a point or section of a lane or roadway during one hour 
without falling below a pre- selected level of service. 

 

Design level of service 
 

Density 



 

Flow - Density - Speed Relationships 
Vf: free flow speed, Dj : jam density 

at Vf - D = 0 vpkm, at Dj - V = 0 kmph 
 
 



 
 
 
 

 

Flow - Density - Speed Relationships 



 

Flow - Density - Speed Relationships 

𝒒 = 𝑽 ∗ 𝑫 
𝒗𝒆𝒉. 

 
 

𝒉𝒓 
= 
𝒌𝒎 

𝒉𝒓 
∗ 
𝒗𝒆𝒉. 

𝒌𝒎 
 

∵ 𝑽 = 𝑽𝒇 − 𝑫 
𝑽𝒇

 

𝑫𝒋 

∴ 𝒒 = 𝑽𝒇 − 𝑫 ∗ 𝑫 = 𝑫𝑽𝒇 − 𝑫𝟐 
𝑽𝒇

 

𝑫𝒋 
……..(q-D relationship) 

 

 
∵ 𝑫 = 𝑫𝒋 − 𝑽 

𝑫𝒋
 

𝑽𝒇 

∴ 𝒒 = 𝑽 ∗ 𝑫𝒋 − 𝑽 
𝑫𝒋

 

𝑽𝒇 
= 𝑽𝑫𝒋 − 𝑽𝟐 

𝑫𝒋
 

𝑽𝒇 
……..(q-V relationship) 

𝑽𝒇 

𝑫𝒋 



Flow - Density - Speed Relationships 
 
 
 
 
 
 
 

Example: At which density (D) , Capacity or q max occur? 

Solution: 
from the q- D plot , since its symmetrical about the midline , therefore: 
 

 
Also: 

𝑫 𝒂𝒕 𝒒 

 

𝑽 𝒂𝒕 𝒒 

 
𝒎𝒂𝒙 = 

𝑫𝒋 

𝟐 

= 
𝑽𝒇 

 
 

 

since q = V*D  
∴ 𝒒 = 

𝑽𝒇
 

𝟐 

𝒎𝒂𝒙 

 

∗ 
𝑫𝒋 

𝟐 

𝟐 

= 
𝑽𝒇𝑫𝒋 

𝟒 



Flow - Density - Speed Relationships 
 
 
 
 
 
 

 

Bottleneck: Bottleneck or shockwaves occur in traffic stream due to sudden 
reduction in roadway capacity which may be occur due to the reduction for 
number of lanes, work zones, restricted bridge size, crashes or signal turning 
red. 



 

Flow - Density - Speed Relationships 
Example 1: It was noted that on length of highway the free speed (Vf) was 80 km/hr 
and the jam density was 70 veh/km find the required below: 

1- What is the max flow which could be expected on this highway? 

2- At what speed it would be occur? 

3- At what density it would be occur? 

Solution: 

Vf = 80 km/hr 

Dj = 70 veh/km  
𝒒𝒎𝒂𝒙 = 𝑽𝒇𝑫𝒋 

= 
𝟖𝟎 ∗ 𝟕𝟎 

  

 
= 𝟐𝟏𝟒𝟎𝟎 𝒗𝒆𝒉/𝒉 

𝟒 
𝑽𝒇 

𝟒 𝟖𝟎 
𝑽 𝒂𝒕𝒒𝒎𝒂𝒙 = 

𝟐 
= 

𝟐 
= 𝟒𝟎 𝒌𝒎/𝒉 

𝑫 𝒂𝒕𝒒𝒎𝒂𝒙 = 
𝑫𝒋 

𝟐 
= 
𝟕𝟎 

𝟐 
= 𝟑𝟓 𝒗𝒆𝒉/𝒌𝒎 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

THANK YOU 


