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MERGE AND 
DIVERGE 
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PARAMETERS 

For merge and diverge, focus is on the immediate 
segment around the on/off ramp. Parameters:

 𝑉12 – flow entering lanes 1 and 2 

 𝑉𝐹 – Max. total flow approaching a merge/diverge area 

 𝑉𝐹𝑂 – Max. total flow leaving a merge/diverge area 

 𝑉𝑅12 – Max. total flow entering the influence area for 
merge 

 𝑉12 – Max. total flow entering the influence area for 
diverge 

 𝑉𝑅 – Max flow on the ramp 

 𝐷𝑅 – Density within the ramp influence area 

 𝑆𝑅 –Average Speed within the ramp influence area 
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APPROACH

Steps for capacity and LOS analysis:
 First, determine flow entering lanes 1 and 2 immediately 

upstream of the merge influence area (𝑉12) or at the 
beginning of the deceleration lane at diverge from 𝑃𝐹𝑀.

 Second, evaluate the capacity values against demand 𝑉𝐹 , 
𝑉𝐹𝑂, 𝑉12, and 𝑉𝑅

 Third, determine the density of flow within the ramp 
influence area (𝐷𝑅) and the level of service based on this 
variable.

 For some situations, the average speed of vehicles within the 
influence area (𝑆𝑅) may also be estimated.
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LOS criteria and demand flow conversion is as with 
basic and weaving highway segments.

As part of step 2, several capacity values are evaluated 
from Table 25-3, Table 25-7, or Table 25-14:

 Maximum total flow approaching a major diverge area on 
the freeway (capacity requirement for 𝑉𝐹)

 Maximum total flow departing from a merge or diverge 
area on the freeway (capacity requirement for 𝑉𝐹𝑂)

 Maximum total flow entering the ramp influence area 
(capacity requirement for 𝑉12 or 𝑉𝑅12)

 Maximum flow on a ramp (capacity requirement for 𝑉𝑅)
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ON-RAMP INFLUENCE 
AREA FLOW
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For six-lane highways, choice of equation in table 25-
5 from criteria in table 25-6. In summary:

 Equation 1 when adjacent onramps do not affect subject 
ramp behavior.

 Equation 2 addresses cases with an adjacent upstream 
off-ramp.

 Equation 3 addresses cases with an adjacent downstream 
off-ramp.
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If the choice is between equations 2 and 1, use:

 If 𝐿𝑢𝑝 ≥ 𝐿𝐸𝑄 , Equation 1 is used, else Equation 2 is used 

If choice is between equations 3 and 1, use:

 If (𝐿𝑑𝑜𝑤𝑛 ≥ 𝐿𝐸𝑄), Equation 1 is used, else Equation 3 is 
used.

For any other ambiguity, use largest value of 𝑷𝑭𝑴
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The total departing freeway flow (𝑉𝐹 + 𝑉𝑅) may 
exceed the capacity of the downstream freeway 
segment. Failure (LOS F) is expected, and queues will 
form upstream from the merge segment.

 When the downstream freeway capacity is exceeded, LOS 
F exists regardless of whether the flow rate entering the 
ramp influence area exceeds its capacity.

When the total flow entering the ramp influence area 
(𝑉𝑅12) exceeds its maximum desirable level but the 
total freeway flow (𝑉) does not exceed the capacity of 
the downstream freeway segment.

 In this case, locally high densities are expected, but no 
queuing is expected on the freeway. Overall, operation 
will remain stable, and LOS F is not expected to occur. 
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OFF-RAMP INFLUENCE 
AREA FLOW
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If the choice is between equations 6 and 5, use:

 If 𝐿𝑢𝑝 ≥ 𝐿𝐸𝑄 , Equation 5 is used, else Equation 6 is used 

If choice is between equations 7 and 5, use:

 If (𝐿𝑑𝑜𝑤𝑛 ≥ 𝐿𝐸𝑄), Equation 5 is used, else Equation 7 is 
used.

For any other ambiguity, use largest value of 𝑷𝑭𝑫
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DENSITY

The on-ramp density 𝑫𝑹 is given by:

The off-ramp density 𝑫𝑹 is given by:
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SPEED 
COMPUTATIONS
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AVERAGE SPEED
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EXAMPLE

An off-ramp (single-lane) pair, 225 m apart, exists on 
a six-lane freeway. The length of the first deceleration 
lane is 150 m and that of the second deceleration lane 
is 90 m. What is the LOS during the peak hour for the 
first off-ramp?
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INCIDENT DELAY

The A Freeway Management Handbook 
provides standardised delay models
for highway incidents management.

𝐷 =
𝑇2 𝑞1 − 𝑞3 𝑞2 − 𝑞3

2 𝑞1 − 𝑞2
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EXAMPLE

A 4-lane highway section serves 5500 pc/h. An 
accident occurs between two vehicles, immediately 
closing 3 lanes. The first vehicle, on the third lane is 
towed after 25 minutes. The other vehicle, occupying 
lanes 1 and 2, requires vehicle extrication. This 
operation lasts 74 minutes total. After 45 minutes, 
demand decreases by 15% in response to the 
congestion.

Calculate the delay and the time to dissipation.
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EFFECTS ON DELAY
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That’s all for today!

2016-11-22 r2    Paul St-Aubin26 / 26


