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LECTURE 8:

WEAVING, MERGING, AND DIVERGING MOVEMENTS
ON FREEWAYS AND MULTILANE HIGHWAYS

Segments of such facilities that accommodate weaving, merging, and/or diverging maneuvers,
however, experience additional turbulence as a result of these movements. This additional
turbulence in the traffic stream results in operations that cannot be simply analyzed using basic
segment techniques.
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(a) Weaving movements cross each others path.

(b) Merging movements join (o (c) Diverging movements divide
form a single traffic stream. to form separate traffic streams.

Weaving, Merging, and Diverging Movements Illustrated
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A. Weaving

Weaving is created when a merge area is closely followed by a diverge area. Drivers must cross
the path of other drivers.

Example: A vehicle entering from an on-ramp and needing to exit via the next off-ramp within a
short distance.

Key features:

o May require lane changes

e High conflict

e Most turbulence among the three

« Critical distance = between merge point and diverge point

A merge closely followed by a diverge, usually connected by a continuous auxiliary lane.

« Drivers entering need to exit

o Drivers exiting need to merge across

e Conflicting lane-changing patterns

e HCM uses a maximum practical length around 2,500 ft (=760 m), but recent research
shows it varies

Non-weaving merge/diverge :If merge and diverge areas have:

e Separate acceleration/deceleration lanes
e No need for crossing paths
« No continuous auxiliary lane

B. Merging

Two separate streams join into one.
Example: Vehicles entering a freeway via an on-ramp.

Effects:

o Acceleration, gap-seeking
o Speed differentials
« Lane-changing concentrated at merge zone

C. Diverging

One stream split into two.
Example: Vehicles preparing to exit via an off-ramp.

Effects:

o Deceleration

e Lane selection

e Queue formation at ramps

« Lane-changes to position for correct exit
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LEVEL-OF-SERVICE CRITERIA

1. Measure of Effectiveness — Density (pc/mi/In)

For weaving, merging, and diverging segments, the Highway Capacity Manual uses density as the
primary performance measure.

2. LOS Criteria

Table 15.1: Level-of-Service Criteria for Weaving, Merging, and Diverging Segments
Merge or
Weaving Areas Diverge Areas
Density Range (pc/mi/ln)
Level of On Multilane Highways On Freeways, Multilane
Service On Freeways or C-D Roadways Highways, or C-D Roadways
A 0-10 0-12 0-10
B >10-20 >12-24 >10-20
@ >20-28 >24-32 >20-28
D >28-35 >32-36 >28-35
E >35 >36 >35
F Demand Exceeds Capacity
(Source: Used with permission of Transportation Research Board, National Research Council, Highway Capacity Manual,
2000. Compiled from Exhibit 24-2, p. 24-3, and Exhibit 25-4, p. 25-5.)

3. Influence Areas for Merge, Diverge, Weaving Segments

A. Merge influence area (1,500 ft upstream)
e Influence length: 1,500 ft upstream of the merge point
e Includes: acceleration lane + adjacent through lanes
« Driver behavior: gap seeking, speed adjustment

e
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B. Diverge Influence Area (1,500 ft downstream)
« Influence length: 1,500 ft downstream of diverge point

e Includes: deceleration lane + adjacent through lanes
« Driver behavior: lane selection, braking, hesitations
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C. Weaving Influence Area (500 ft upstream + 500 ft downstream)

e Influence length: 500 ft upstream of merge — 500 ft downstream of diverge
o Total length: 1,000 ft

o Captures bidirectional lane-changing (entering vs. exiting)

e e

Overlap

(1,000 m\

Weaving Influence Area

Merge Influence

Area (1,500 ft)
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| Diverge Influence
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Area (1,50 ft)

1500’ 1,000' 500"

CONVERTING DEMAND VOLUMES

The HCM uses the following fundamental conversion:

v; = V;
" PHF-fuyv-f,
Symbol Meaning
Vi Demand flow rate, in pc/h (base conditions)
Vi Demand volume, in veh/h (prevailing conditions)
PHF Peak Hour Factor
frv Heavy-vehicle adjustment factor

fo Driver-population adjustment factor
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WEAVING SEGMENTS: BASIC CHARACTERISTICS AND VARIABLES

Flows in a Weaving Area

In a typical weaving area, four component flows may exist:

o Two weaving flows — cross each other's path
o Two nonweaving (outer) flows — do NOT cross

HCM uses the following notation:

Symbol Meaning

Vo1 Larger nonweaving flow (outer flow)
Vo2 Smaller nonweaving flow

Vw1 Larger weaving flow

Vw2 Smaller weaving flow

Uy = Uyl + Uy2
Unw = Vo1 + Vo2

V= Uy + Upy (total demand, pc/h)

VR = volume ratio = v, /v

R = weaving ratio = v,,/v,

Weaving Segment Flows
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Weaving Diagram
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Critical Geometric Variables

Three geometric variables strongly influence weaving performance:
1. Lane Configuration
2. Length of the Weaving Area
3. Width (number of lanes)

Each affects the number and intensity of lane changes required.

1. LANE CONFIGURATION

Lane configuration defines how many lane changes must occur for weaving movements to be
successfully completed.

There are two main categories:
A. One-Sided Weaving

A one-sided weaving segment is one in which no weaving maneuver requires more than two lane
changes. Both entry and exit are on the same side (usually the right).

Lane-changing is more localized and involves:
o Standard one-lane auxiliary section (ramp weave)
e Or major weave (with more lanes)
Types:
e One-Sided Ramp-Weave
e One-Sided Major Weave

; : -
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/ (a) One-Sided Ramp-Weave \ - (b) One-Sided Major Weave \

B. Two-Sided Weaving

Entry is on one side; exit is on the other.
This causes weaving to occur across all lanes and is more complex.

« A two-sided weaving segment is one in which one weaving maneuver requires three or more lane
changes, or
« one in which a one-lane on-ramp on one side of the facility is closely followed by

AN
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Key numerical parameters
Two measures quantify lane-change requirements:

LCrr = min lane changes for facility—ramp movement

LCrr = min lane changes for ramp—facility movement

Nwv = number of lanes from which a weaving maneuver may be completed with one lane
change, or no lane change.

e One-sided weaves - LCpgr, LCrr = 0or 1; Nyyy = 2 or 3

e Two-sided weaves — generally LCrr = 3; Nyy =0

2. LENGTH OF THE WEAVING AREA
The length of the weaving segment directly affects weaving intensity.
Two lengths are defined:

e Short length, Ls: the distance between the end points of any barrier markings that prohibit
or discourage lane changing.

e Base length, Lg: Base length (ft); the distance between points in the respective gore areas
where the left edge of the ramp travel lanes and the right edge of the facility travel lanes
meet. (From the left edge of the ramp taper to the right edge of the exit taper).

If local agency guidelines do not define these lengths:
Ls =0.77- Lp
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3. WIDTH (NUMBER OF LANES)
The weaving width is the total number of lanes available N.

e More lanes — more lane-change opportunities — lower turbulence
e Fewer lanes — stronger lane-changing competition — higher turbulence

Width is a crucial input in the HCM density and speed estimation models.
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COMPUTATIONAL PROCEDURES FOR WEAVING AREA ANALYSIS

The HCM weaving methodology is most commonly used in operational analysis, where:
e Geometry is fixed
e All demand flows are known
e Speeds, densities, and LOS are required

The procedure results in:

e Weaving segment LOS
e Weaving capacity
e Lane-changing rates
o Average speeds for weaving & non-weaving flows
A complete flowchart is given in Figure below, and summarized below.

FLOW CHART FOR WEAVING SEGMENT ANALYSIS

STEP 1: INPUT
Seecify gecmetry,weaving and non-weaving demand volumes, the free-flow speed of
the section.

STEP 2: VOLUME ADJUSTMENT
Adjust demand volumes to reflect peax hour factor (PHP), heavy vehicle presence, and
driver population,

y
STEP 4: DETERMINE THE MAXIMUM WEAVING LENGTH

Estimate the maximum length for weaving operations under the co n ditions specitied.

If length exceeds the maximum: If length is the maximum:
TREAT AS SEPARATE AP JUNCTIONS CONTINUE

STEP.5: DETERMINE THE CAPACITY OF THE WE/ SECTION
Estimate weaving section capacity and the v/c ratio for the existing or projected dews rates.

THE LEVEL OFIOF SERVICE CONTINUE

STEP 7: DEERMINE ] [ If ve21.00

v
STEP.8: DETERMINE THE AVERAGE SPEED OF WEAVING AND VEHICLES

Estimate the average speed of weaving and non weaving rehicles in the weaving

section, compute the space mean speed of

A 4
STEP 8: DETERMINE THE LEVEL OF SERVICE

Convert the space mean speed to the density of .5
weaving section, compare res
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STEP 1 : DEFINE PARAMETERS USED IN WEAVING ANALYSIS

Weaving analysis uses many variables representing:

o Demand flows

« Weaving and non-weaving components
o Lane-changing parameters

o Weaving intensity

o Speeds, densities

o Geometric characteristics

Figures below define all variables for One-sided segments (Fig 15.8) and Two-sided segments (Fig 15.9)

WEAVING VARIABLES DEFINED FOR ONE-SIDED WEAVING SEG
Facility Facility
Ramp Ramp
Ver
Vrr
VR
Vrr
Symbol Definition
VRF freeway to freeway demand flow rate in the weaving section (pc/h)
Ve ramp to-freeway demand flow rate in the weaving section (pc/h)
VER freeway to-ramp demand flow rate in the weaving section (pc/h)
VRR veap-to ramp demand flow rate in the weaving section (pc/h)
Vw weaving demand flow rate in the weaving section (pc/h). Yw = Y4 + Yar
Vaw non-weaving demand flow rate in the weaving section (pc/h), yaw= Yere + YRR
v total demand flow rate in the weaving section
VR volume ratio: VR =y/.
N number of lanes within hweaving section
Nw number of lanes from which a weaving maneuver may be made we of no lane changes.
Snw average speed of weaving vehicles within the weaving section (m/h)
S average speed of all vehicles within the weaving section (m/h)
FFS free-flow speed of the weaving section (mi/h)
D average density of all vehicles within the wey/length definition.
Lg minimum number of lane changing by weaving vehicles
LCm estimate trate afuiiich weaving vehides in the
LCyn  total rate of lane changing by weaving webhicells wifiinaweliving setiolr (ic/h)
LCaLL total rate of lane changing by non-weaving vehicles in the weaving
LCaLL  total lane-changing rate of all whicles within weaving sec. (ic/h)
Figure 18.8: Weaving Variables Defined for One-Sided Weaving Segments
(Source, Roess, R. et al, Anausit of Freeway Weaxing Sections fnal Report Draft Chapten br b National
Cooperative Highway Research Project 8 7s, Polyhechnic University and Kittellson and Han
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EONN

Facility Facility

[

All variables are defined as in Figure 15.8, except for the followmg variables related to flow designations and lane-
changing variables.

Symbol Definition
vw - total weaving demand flow rate within the weaving section (pe/h) vw = v,m
. VNW total non-weaving demand flow rate within the weaving ‘section (pdh) Yw = YR+ VRe + VER

‘LCrr minimum numher of lane changcs that must be made by one mnp-to-ramp vehicle to complete a weaving
mancuver.

LCun minimum rate of lane changing lhal must exist for all weaving vehickes to snmsfully complete their
' wcavmgmnnc:m:‘s(ldh) LCypy = (LCgg X vgg)

' F'gnre 15.9: Wcavmg Vanables Defined for Two-Sided Weaving Segments

(Source: Rocss, R., et al., Ana.fymg’!"mcwywmmg Sections, Final Report, Draft Chapter for the HCM, National
Cooperative Highway Research Program Project 3-75, Poly1echmc University and Kitielson and Associates, Brooklyn, NY,
September 2007, Exhibit 24-8, p. 13)

STEP 2 : CONVERT VOLUMES TO FLOW RATES

U (S
'~ PHFfuv},

All demand volumes must be expressed in pc/h under ideal conditions before entering the models.
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STEP 3 — DETERMINE CONFIGURATION CHARACTERISTICS

Two parameters quantify configuration effects:

1. The number of “simple-weaving lanes” Nwv : the number of lanes from which weaving can
be completed with no more than one lane change.

If weaving can be completed with 0 or 1 lane change — the lane counts as a simple weaving lane.
e One-sided segment: Nwv=2 or 3
e Two-sided segment: Nwv=0

2. Minimum lane-changing rate LCwmin: the minimum number of lane changes required per hour
for all weaving vehicles to complete their maneuvers.

This is not the total lane-changing rate in the segment.

It is the mandatory lane-changing rate (lc/h) that must happen within the weaving section for all
weaving vehicles to reach their intended exit.

For one-sided weaving segments: Two weaving movements exist:
o Freeway — Ramp

¢ Ramp — Freeway
Each movement requires a certain number of mandatory lane changes:
Lcrr: required lane changes for Freeway — Ramp
Lcrr @ required lane changes for Ramp — Freeway

Required minimum lane change rate LCwmin
LCyin = (LCFR : 'URF) + (LCRF : ’UFR)

Where:
* vpp = freeway-to-ramp flow (pc/h)

e wvpp = ramp-to-freeway flow (pc/h)

For two-sided weaving segments:
Only ramp-to-ramp vehicles are weaving (freeway-to-freeway and ramp-to-freeway become nonweaving).
Thus:
e Lcrr: the number of required lane changes for the ramp-to-ramp movement
e VRR: ramp-to-ramp weaving flow (pc/h)
Required minimum lane change rate

LCﬂHN = LCRR "URR

This is not the total lane-changing rate; it is the minimum required rate based strictly on geometry.
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STEP 4 — DETERMINE THE MAXIMUM WEAVING LENGTH

“Weaving” only exists if the segment is short enough to force interaction between merge and
diverge operations.

The HCM defines maximum weaving length based on capacity equivalence, not operational
observation.

Lyax = [5,728(1 + VR)"%] — [1,566 Nyyv|

e Longer weaving allowed when VR ( Vw/V, volume ratio) is high
e Shorter weaving allowed when Nwyv is high (more lanes available — less forced turbulence)
e If Lmax>Ls — Weaving Analysis Applies (Analyze as a weaving segment)

e If Lmax<Ls — Treat as Separate Merge and Diverge Segments

STEP5 — DETERMINE THE CAPACITY OF THE WEAVING SECTION

Capacity is determined using two separate models, and the smaller result controls.

There are two mechanisms of breakdown:
A. Breakdown Based on Density (Main Control)

Total demand flow > Total segment capacity

Breakdown density of weaving segments = 43 pc/mi/In.

Capacity model:
cwr = crrr — 438.2(1 + VR)'® 4+ 0.0765Lg + 119.8 Ny (15-5)
Where:

e cirL = basic freeway lane capacity from Table 15-2 with same FFS (pc/h/In)
e cwL = capacity per lane under ideal conditions
e VR =volume ratio= Vw/V

e LS=short weaving length (ft)
e NWV number of simple-weaving lanes (2 or 3)

Table 15.2: Basic Facility Capacity Values (c;r;) for Use in Equation 15-5

Freeways Multilane Highways and C-D Roadways
FFS (mi/h) Capacity (pe/hn) FFS (mi/h) Capacity (ph/In)
=70 2,400 =60 2,200
65 2,350 55 2,100
60 2,300 50 2,000
35 2,250 45 1,900«




Convert to total capacity under prevailing conditions:
ewi = ewiN fav fp

Symbol Meaning

Cw1 total weaving capacity (veh/h) based on breakdown density
N number of lanes in weaving segment

fav heavy-vehicle adjustment factor

fp driver-population factor

B. Breakdown Based on Maximum Weaving Flow

vy > Maximum allowable weaving flow
Maximum weaving flow values:
(Nwv) Maximum Weaving Flow (pc/h)
2 lanes 2,400 pc/h
3 lanes 3,500 pc/h

If Nwv=2:

Convert to prevailing:

Cw2 = Cw2 f HV f p

The weaving segment capacity is the minimum of the two capacity controls:

cw = min(cwi, cw2)

Final Assessment: v/c Ratio

v fHpr

C w

v/e =

e Ifv/c>1.00 — LOS = F, analysis stops
e Ifv/c<1.00 — Continue to speed & density estimation

160
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STEP 6 — DETERMINE LANE-CHANGING RATES

There are three types of lane changes in an HCM weaving segment:

1. Required Lane Changes (Weaving Vehicles Only)

These are mandatory lane changes necessary for a weaving vehicle to complete its movement.
Examples:

o Ramp-to-freeway movement entering from the auxiliary lane must shift left

o Freeway-to-ramp movement must shift right
They represent the minimum lane-changing rate:

Required LC rate = LCy

Where:
e LCminwas computed in Step 3

o It represents the absolute minimum number of lane changes needed to complete all
weaving maneuvers

These lane changes must occur within the weaving segment.

2. Optional Lane Changes by Weaving VVehicles

Weaving vehicles may:
« Enter the segment in a lane not closest to their destination
o Leave the segment from a lane not aligned with their exit
These extra lane changes:
e Increase turbulence
e Increase density and reduce speed
e Must also be accounted for

3. Optional Lane Changes by Non-Weaving Vehicles

Non-weaving (“outer”) vehicles:

« Are not required to change lanes within the weaving segment

e But may CHOOSE to change lanes to avoid turbulence, trucks, merging, etc.
These must be estimated separately.

Total Lane-Changing Rate for Weaving Vehicles

The total lane-changing rate for weaving vehicles is:
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LCw = LCxin + 0.39(Ls — 300)*°N*(1 + ID)’*®

Variable Meaning
LCw total lane-changing rate by weaving vehicles (Ic/h)
LCmin  minimum required weaving lane changes (Ic/h)

Ls short length of weaving segment (ft)
N number of lanes in weaving segment
ID interchange density (interchanges/mi)

e For any LS<300 ft, HCM forces LS=300, because weaving vehicles cannot physically
make optional lane changes in such short segments.

e Longer segments allow more optional lane changes.

e Higher interchange density — more disturbance — more lane changes.

e More lanes — more opportunity for weaving movements.

Total Lane-Changing Rate for Non-Weaving Vehicles

Non-weaving vehicles (outer movements) make only optional lane changes.
HCM provides two separate regression equations:
Equation 1: General estimate

LC_.’\'[Vl - (0206 UNH"") T (0542 Lg) - 1926N
Equation 2: High-flow or unusual conditions

LCNI'I"'Q = 2135 + 0.223(1};\“{:’ — 2000)

Variable Meaning

LCnw1 first estimate of non-weaving LC rate

LCnw2 second estimate (for heavy non-weaving demand)
VNW non-weaving flow rate (pc/h)

Ls short length of segment

N lanes in the segment

Switching Between the Two Equations

The two equations produce very different values—so HCM uses an interpolation index:
LsIDvnw
10,000

Inw =

Rules for determining final LCnw

o |If I NW E 1300 LCN}J,.-’ = LCNI.-I,.-"_]

L
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e If Inw > 1950: S LCnw = LCnwo

. Iy — 1300
e If1300 < Iyw < 1950: ...> Linear interpolation LCnw = LCyw1 + (LCyw2 — LCyw1) (WBSU)

Total Lane-Changing Rate in the Weaving Segment

LC 41 = LCw + LCyw
Where:

o LCw = lane-changing by weaving vehicles

e LCpyw = lane-changing by nonweaving vehicles

o LC411 = total lane-changing rate in the weaving segment (lc/h)
These values reflect turbulence intensity.

STEP 7 — DETERMINING THE AVERAGE SPEED OF VEHICLES WITHIN A
WEAVING SEGMENT

The goal of Step 7 is to compute average speeds of:
1. Sw: Weaving vehicles
2. SNw: Non-weaving vehicles
3. S: All vehicles (space-mean speed)

Speed is not the primary performance measure (that is density), but is required to compute density
in Step 8.

1. Average Speed of Weaving Vehicles

The HCM algorithm uses a “minimum—-maximum speed” formula:
Smax — Smiy

Sw = SuIn + LW
Symbol Meaning
Sw average speed of weaving vehicles (mi/h)
FFS — 15

SW = 15 + 1+7W

Using (1 + W) ensures denominator is always > 1.0
Smin minimum expected weaving speed SMIN = 15 mi/h (same as earlier HCM editions).
Smax maximum expected weaving speed SMAX is taken as FFS + 5, to avoid low speed predictions
W weaving intensity factor

0.789
W = 0.226 ( LCAL"‘)
S

Symbol Meaning
LCaLL total lane changes (Step 6)

Ls short weaving length (ft)
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2. Average Speed of Non-Weaving Vehicles

Non-weaving vehicles experience speed reduction due to turbulence, even though they are not
required to change lanes.

The HCM regression formula is:

SNW = FFS — (0.00721;03.11;\;) - (00048 'UNW)

Symbol Meaning

Snw average speed of non-weaving vehicles
LCwmin minimum required lane-change rate (Step 3)
VNW non-weaving flow (pc/h)

Observations:

e More non-weaving flow — more turbulence — lower Snw.
o Higher required weaving lane changes — more disturbance — lower Snw.
o Regression showed LCwmin is a stronger predictor than W.

3. Average Speed of All Vehicles (Space-Mean Speed)

With weaving and non-weaving speeds known:

vw + UNw

w VW
( Sw ) T (S_\-'u' )

This gives space-mean speed, the correct measure for density conversion.

S =

STEP 8 — DETERMINING DENSITY AND LEVEL OF SERVICE

The final step converts demand and speed into density, which determines LOS.
Weaving segment density:

D= % (pc/mi/In)

Compare D to LOS thresholds in Table 15.1 for weaving segments:

Table 15.1: Level-of-Service Criteria for Weaving, Merging, and Diverging Segments
Merge or
Weaving Areas Diverge Areas
Density Range (pc/mi/ln)
Level of On Multilane Highways On Freeways, Multilane
Service On Freeways or C-D Roadways Highways, or C-D Roadways
A 0-10 0-12 0-10
B >10-20 >12-24 >10-20
C >20-28 >24-32 >20-28
D >28-35 >32-36 >28-35
E >35 >36 >35
F Demand Exceeds Capacity
(Source: Used with permission of Transportation Research Board, National Research Council, Highway Capacity Manual,
2000. Compiled from Exhibit 24-2, p. 24-3, and Exhibit 25-4, p. 25-5.)
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BASIC CHARACTERISTICS OF MERGE AND DIVERGE SEGMENT ANALYSIS

HCM analysis of merge and diverge segments focuses on the influence area, not the entire freeway
cross-section. Unlike weaving segments—which span the full width of interacting lanes—
merge/diverge analysis concentrates on only the right-most two freeway lanes plus the acceleration
or deceleration lane.

As illustrated previously, analysis procedures for merge and diverge areas focus on the merge or
diverge influence area that encompasses lanes 1 and 2 (shoulder and adjacent) freeway lanes and the
acceleration or deceleration lane for a distance of 1,500 feet upstream of a diverge or 1,500 feet
downstream of a merge area.

LOS in merge and diverge areas is based on Density (pc/mi/In) in the influence area, compared
with Table 15.1 (same density thresholds as weaving/merge/diverge segments):

The basic idea: Compute demand — convert to equivalent PCUs — assign lane distribution —
estimate speed — compute density — apply LOS table.

CRITICAL VARIABLES

Figure 15.10: Critical Variables in Merge and Diverge
Analysis '

(Source: Used with permission of Transportation Rescarch
Board, National Research Council, Highway Gﬂpdr.‘lfy Manual,
2000, Exhibit 25-2, p. 25-2.)

Demand Variables

e Vr :Flow in all freeway lanes immediately upstream of the merge or diverge

e Vvi2:Flow in lanes 1 and 2 upstream of the merge/diverge (important because only lanes 1—
2 + ramp lane are analyzed)

e VR :Ramp demand flow entering (at merge) or leaving (at diverge)

e Vro :Outflow downstream on the freeway after ramp interaction



166

e VRr12 :Total entering flow into the influence area:
UR12 = UR + V12

Performance Variables

« Dr: Density in ramp influence area (pc/mi/ln)

e Sr: Space-mean speed in the ramp influence area (mi/h)
Geometric Inputs
A. Acceleration or Deceleration Lane Length (La or L)

Measured from:
« the point where the ramp lane and freeway lane first touch, to

« the point where the taper or parallel lane ends.

(c) Parallel Deceleration Lane (d) Taper Deceleration Lane

Measuring the Length of Acceleration and Deceleration Lanes

There are four configurations:
1. Parallel acceleration lane
2. Tapered acceleration lane
3. Parallel deceleration lane
4. Tapered deceleration lane

The measured length is the operational lane available for speed change, not the physical curve.

B. Ramp Free-Flow Speed (RFFS)

RFFS is:
« Best observed in the field, or
o Estimated as the design speed of the most restrictive ramp element, typically:
Tightest horizontal curve, Steepest vertical curve, and Narrowest section
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Whichever element imposes the lowest operating speed governs RFFS.

LANE DISTRIBUTION

Merge and diverge analysis looks only at:
e Lanel
e Lane2
e Ramp lane

Therefore, a crucial step is to estimate how much of the freeway upstream flow remains in lanes
1 and 2 as traffic approaches the merge/diverge.

The model must determine:

Flow in Lanes 1-2 upstream = vq»
This reflects:
« Lane choice behavior
« Right-lane bias near ramps
e Lane changing upstream of the influence point
A correct lane distribution is essential because density in lanes 1-2 determines LOS.

COMPUTATIONAL PROCEDURES FOR MERGE & DIVERGE SEGMENTS

OVERVIEW — MAIN STEPS

Figure below describes five main computational steps for analyzing a merge or diverge segment:



STEP1.

STEP 2

STEP 3

STEP4

STEPS

Input Data
Geometric data e
FFS Freeway =
FFS Ramp
Demand Flows
IPHF
Demand Flow Adjustments
Peak Hour Factor, PHF
Heavy Vehicle Adjustment, [y
Driver Population Adjustment, f,
Compute Adjusted Flow Rates
Equation 15.1
On-Ramp (merge) Off-Ramp (diverge)
3
Compute demand flow rate in Lanes 1 Compute demand flow rates in Lanes
and 2 immediately upstream of 1and 3 immediately upstream of
merge influence area: diverge influeuce area:
Eqn 15-24 and Table 15.3 Eqn 15-32 and Table 15.4
Check Reasonableness Check Reasonableness
Adjust as Needed Adjust as Needed
Compute capacity of merge area and - Compute capacity of diverge area
to demand flows: and compare to demand flows:
Table 155 Table 15-5
Merge Area Capacity Diverge Area Capacity
Ramp Roadway Capacity Ramp Roadway Capacity
Maximum Flow Enterin Merge Influence Maximum Flow Entering Diverge
Area - Influence Area
Is demand greater than capacity? Is demand greater than capacity?
No ¥ Yes No ¥ Yes
: Y r 1
Compute Density LOS =F Compute Density . | | LOS=F
Equation 15-40 Equation 1541 -
Y
Determine LOS  Determine LOS
Table 15.1 Table 15.1
y
Estimate Speeds Estimate Speeds
Table 15.6 Table 15.7

168



STEP 1 — Input & Convert Demand

Collect all required data:

e Segment geometry

e Weaving & non-weaving demand flows
o Free-flow speed (FFS)
STEP 2 — Volume Adjustment

Adjust all volumes to pc/h under ideal conditions using:
e Peak-Hour Factor (PHF)
e Heavy-vehicle factor

o Driver population factor

« Eq.15-1

FOR MERGE SEGMENTS (ON-RAMPS)
Flow remaining in lanes 1-2 upstream of the merge is:

UVi2 = UF - PFI'.I

where:

o Ve =total freeway flow upstream (pc/h)

e Prm = proportion remaining in lanes 1-2 (from Table 15.3)

Table 15.3: Estimating Pgy, at On-Ramps (Merge Segments)

No. of Freeway Lanes®

Model for Determining Pryy

4 P ™ = 1.000
Pey = 0.5775 + 0.000028L, Equation 15-25
6 Pr = 0.7289 — 0.0000135(Ve + vg) — 0.003296S¢5 + 0.000063Lyp Equation 15-26
Pry = 0.5487 + 0.2628(vp/Lpown) Equation 15-27
For vg/RFFS <= 72:Ppy = 02178 — 0.000125v, + 0.0115( L+/5,,)  Equation 15-28
8 For vi/RFFS > 72: Py = 02178 — 0.000125 vg Equation 15-29
Selecting Equations for Prys for 6-Lane Freeways
Adjacent Up stream Adjacent Downstream Equation(s)
Ramp Subject Ramp Ramp Used
None On None Equation 15-25
None On On Equation 15-25
None On Off Equation 15-27 or 15-25
On On None Equation 15-25
Off On None Equation 15-26 or 15-25
On On On -~ 1 Equation 15-25
On On . Off Equation 15-27 or 15-25
off On On : Equation 15-27 or 15-25.
Off On Off Equation 15-25, 15-26, or 15-27.

Note: *4 lanes = 2 lanes in each direction.

(Source: Modified from Draft Chapter 13, HCM2010, National Cooperative Highway Research Program Project 3-92, Kittelson and

Associates. Portland OR. Exhibit 13-6. p. 13-12. 2008.)
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Inputs to choose the correct equation for PFM :

Freeway lane count (4, 6, or 8)

Presence/absence of adjacent upstream ramp
Presence/absence of adjacent downstream ramp
Distances to adjacent ramps

Ramp free-flow speed

Ramp flow

Where:

e L, = acceleration lane length
e Spr = ramp free-flow speed
e Lyp,Lpown = distances to adjacent upstream/downstream ramps

* vp = downstream ramp demand

Equivalence Distance for Upstream Off-Ramps

Used to determine whether a merge area is effectively isolated.

Lgg = 0.214(vr + vg) + 0.444L, + 53.32RFF'S — 2403

o Lyp > Lgg — Upstream ramp effect negligible — Use Eq. 15-25
o Lyp < Lgg — Upstream ramp influential — Use Eq. 15-26
Equivalence Distance for Downstream Off-Ramps

Uq

0.1096 + 0.0000107L,

Leg =

* Lpown = Lgg — Downstream ramp not influential — Use Eq. 15-25

* Lpown < Lgg — Downstream ramp influential — Use Eq. 15-27

Special Note — 8-Lane Freeways

Two equations (15-28 and 15-29) must be used carefully because increasing La can paradoxically
increase density.
HCM advises selecting the more conservative (worse LOS) result.

FOR DIVERGESEGMENTS (ON-RAMPS)

Diverge areas are analyzed differently from merge areas because all exiting traffic must be in
lanes 1 and 2 immediately upstream of the diverge. Therefore, the flow in these two lanes is:

e The full off-ramp flow (because all exiting vehicles must be in lanes 1-2), plus
« A proportion of the through traffic that remains in lanes 1-2.



Base Equation for Lanes 1 and 2 Upstream of Diverge

v1s = vp + (vp —vgr)Prp

Where:

* w19 = flow rate in lanes 1 and 2 (pc/h)

e vp = off-ramp flow (pc/h)

e vp = facility flow upstream of diverge (pc/h)

e Prp = proportion of through vehicles staying in lanes 1 and 2 upstream of the diverge
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(vF — VR) is the remaining through flow, and PFD determines how much of it stays in lanes 1-2.

Selecting Prp for Diverge Areas

The value of Prp depends on:

e Number of freeway lanes (6 or 8)

e Distance to adjacent upstream on-ramps

¢ Distance to adjacent downstream off-ramps

A selection matrix (Table 15.4) is used, similar to merge analysis.

For 8-lane freeways, HCM assumes:

Prp = 0.436

Table 15.4: Estimating Ppp at Off-Ramps (Diverge Segments)

No. of Freeway Lanes®

Model for Determining Pgp

~— 4 Pep = 1.000
6 PFD = {.760 — 0.000025 Vg 0.000046 Vg Equa{i(m 15-33
Prp = 0.717 — 0.000039 vg + 0.604 (v / Lyp) Equation 15-34
Prp = 0.616 — 0.000021 vg + 0.124 (vp / Lpown) Equation 15-35
8 PFD = 0 436
Selecting Equations for Pgp for 6-Lane Freeways
F;d_j;cenl Upstream Ramp | Subject Ramp | Adjacent Downstream Ramp | Equation(s) Used
e
None Off None Equation 15-33
None Off On Equation 15-33
None Off Off Equation 15-35 or 15-33
On Off None Equation 15-34 or 15-33
Off Off None Equation 15-33
On Off On Equation 15-34 or 15-33
On Off of Equation 15-33, 15-34, or 15-35

Note: * lanes = 2 lanes in each direction.

{Source: Modified from Drafi Chapter 13, HCM2010, National Cooperative Highway Research ngram PmJem 3-92, Kittelson and Associates,

portland OR, Exhibit 13-6, p. 13-12, 2008.)
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Equivalence Distance (LEQ)

To determine if adjacent ramps influence the diverge, HCM defines an equivalence distance Leg,
beyond which a ramp is considered "isolated."

A. Adjacent Upstream On-Ramp
Uy

L =
EQ ™ 0.071 + 0.000023v5 — 0.000076v5

Where:

e v, = upstream on-ramp demand flow (pc/h)

Rule:

e If Ly, > LEgop — rampis isolated
o If L,, < Lgg — effect must be included (use Eq. 15-34)

B. Adjacent Downstream Off-Ramp

Ud
1.15 — 0.000032v — 0.000369v R

Lpg =

Where:

e v, = flow on downstream off-ramp (pc/h)

Rule:

o If Ly, > Lgg — downstream ramp isolated

o If Ly, < Lgg — downstream ramp influences (use Eq. 15-35)

Special Case — Both Adjacent Ramps Exist

If there is:
e An upstream on-ramp and
e A downstream off-ramp
— Both must be tested separately.
If equations produce two valid values:
Choose the one yielding the worst (most conservative) traffic condition.

CHECKING THE REASONABLENESS OF LANE DISTRIBUTION PREDICTIONS

After estimating the demand flow rate in lanes 1 and 2, the HCM requires applying a reasonableness

check.
Because the lane-distribution equations are regression-based, using them outside their calibrated

range can produce illogical lane distributions.
Therefore, the predicted lane distribution must satisfy two mandatory conditions:



Reasonableness Conditions

1. Maximum allowable flow in outer lanes
Average flow rate in outer lanes < 2,700 pc/h/In

2. Outer-to-inner flow ratio limit

Average flow in outer lanes < 1.5 x average flow in lanes 1 and 2

Relationship to Number of Lanes

Depending on freeway width:
e 4-lane freeway (2x2):
No outer lanes — all traffic already in lanes 1 and 2.
e 6-lane freeway (3%3):
One outer lane — lane 3.
e 8-lane freeway (4x4):
Two outer lanes — lanes 3 and 4.

If either limit is violated, the flow rate in lanes 1 and 2 must be adjusted downward.

Adjustment 1 — Based on the 2,700 pc/h/In limit
Vouter > 2,700 pc/h/In,

then lane-1-2 flow becomes:

Vis = Vr — 2700Np

Where:

e V= total freeway flow (pc/h)
e No = number of outer lanes

Adjustment 2 — Based on the 1.5 x rule

Uouter 1.5 % V12,
then recompute V1> depending on outer-lane count:

For NO=1:
27975
For NO=2:
Vr
Vio = ——
27 950
For NO>2:
2VEe
Vis = —————
1.5Np + 2

This formula evenly distributes the remaining flow so both criteria are satisfied.
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STEP 3- Capacity Considerations
The HCM requires checking three main types of capacity:

1. Freeway Segment Capacity

This is checked upstream and/or downstream of the merge or diverge location.
e Merge areas: Check downstream capacity — flow = VFo = VF + VR
o Diverge areas: Check upstream capacity — flow = vV

If facility flow exceeds the basic freeway capacity, LOS = F immediately.

2. Ramp Roadway Capacity

Every ramp flow (vr) must be checked:

Use capacities from Table 15.5

Important for diverge areas, because: Off-ramps can fail first if demand > ramp capacity and A
congested off-ramp forces vehicles to queue into lanes 1-2 — failing the diverge segment

Table 15.5 ramp capacities refer to the ramp roadway, not the junction.
Example: A “two-lane ramp” listed in the table does not mean the merge junction can accept two
full lanes merging—practically it cannot.

Table 15.5: Capacity Values for Ramp Checkpoints

Maximum Freeway Flow Upstream/Downstream .
of Merge or Diverge (pc/h) _ Maximum : Maximum
» . Desirable Flow Desirable Flow
N Lan 7
umber of Lanes in One Direction Entering Merge Entering Diverge
Freeway FFS : Influence Area Influence Area
(mi/h) 2 3 4 =5 (pc/h) (pc/h)
=70 4,800 7,200 9,600 2,400/n 4,600 4,400
65 4,700 7,050 9,400 2,350/ 4,600 4,400
60 4,600 6,900 9,200 2,300/In 4,600 4,400
55 4,500 6,750 9,000 2,250/In 4,600 4,400
Capacity of Ramp Roadway(pc/h)
Ramp Free-Flow Speed RFFS (mi/h) Single-Lane Ramps Two-Lane Ramps
>50 2,200 4,400
>40-50 2,100 4,100
>30-40 2,000 3,800
=20-30 1,900 3,500
<20 1,800 3,200

(Source: Used with permission of Transportation Research Board, Nationa! Research Council, Highway Capacity Manual, 2000, compiled fr¢
Exhibits 25-3, p. 25-4, 25-7, p. 25-9, and 25-14, ¢. 25-14.)

3. Total Flow Entering the Influence Area
This flow includes:

e For merge zones:
VR12=V12+VR
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e For diverge zones:
vz (all off-ramp traffic assumed in lanes 1-2)
Compare this flow against “maximum desirable flow” from Table 15.5.

Exceeding this value does NOT automatically mean LOS = F unless another capacity is exceeded.
But it indicates operating conditions will likely degrade.

STEP 4: Determining Density and Level of Service in the Ramp Influence Area
For merges:

Dgr = 5.475 + 0.00734vg + 0.0078v2 — 0.00627L,,

For diverges:

Dp = 4.252 + 0.0086v12 — 0.009L,

Density is compared to Table 15.1 — LOS A-E.

STEP 5: Determining Expected Speed Measures

HCM requires three separate speed measures for ramp influence areas (<1500 ft):
1. Speed within the Ramp Influence Area (SR)
e Space mean speed of all vehicles inside the ramp influence zone.

e Based on vri2 for merge areas or vi2 for diverge areas.

2. Speed in Outer Lanes (So)
e Auverage speed in lanes 3 and 4, where they exist.

e Calculated separately because outer-lane drivers feel less ramp turbulence.

3. Combined Average Space-Mean Speed (S)
e Weighted speed across all lanes within the 1500-ft zone.

e Used for system-level analysis.
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Table 15.6: Estimating Average Speeds in Merge Arcas

Avg Spd In Estimation Algorithm -
Ramp Influence Area Sg = FFS = (FFS — 42) Ms
Mg = 0321 + 0.0039,%,"%” = 0.002(La *RFFS!1,000)
Outer Lanes 8, = FFS v,,<<500pc/h
S, = FFS — 0.0036(vpg — 500) wee = 500 — 2,300 pc/h
S, = FFS — 653 — 0.006(v,q — 2300) v,, > 2,300 pc/h
All Lanes Veiz + VoaN, |

) (5
Sk So

Table 15.7: Estimating Average Speeds in Diverging Areas -

Avg Spd In Estimation Algorithm
Ramp Influence Area Sg = FFS — (FFS — 42)Dg
Ds = 0.883 + 0.00009v;; — 0.013RFFS
Outer Lanes S, = 1L.097FFS  v,,< 1,000 pc/h
S, = LO9TFFS = 0.0039(vy ~ 1,000) v, = 1000 pc/h
All Lanes g _ Vot Voay
&) ()
Sk So
Symbol Meaning Where Used
Sr Speed within ramp influence zone Merge & Diverge
So Speed in outer lanes (3 & 4) Merge & Diverge
S Combined space-mean speed Merge & Diverge
Ms Speed proportioning factor (merge cases) Merge
Ds Speed proportioning factor (diverge cases) Diverge
Voo Average outer-lane demand flow rate For So
No Number of outer lanes (1 for 3-lane, 2 for 4-lane) For So
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EXAMPLE 1 : ANALYSIS OF A RAMP-WEAVE AREA

Figure below illustrates a typical ramp-weave section on a six-lane freeway (three lanes in each
direction). The analysis is to determine the expected LOS and capacity for the prevailing conditions

shown.
1,500 ft

e T R e o e e o

* 10% trucks, all mvis

500 veh/h Level terrain.
PHF = 0.90
600 veh/h FFS = 65 mih

. ID = 1.2 interchanges/mile

100 veh/h

SOLUTION
Step 1 & Step 2 — Convert All Demand Volumes to Base Flow Rates

Convert each demand volume v into pc/h using:

v

~ PHF fuv [,

Up

Given:

e PHF =0.90
e fgy =0.952
e £, =1.00

Convert all component flows (freeway — ramp, ramp — freeway, ramp — ramp, etc.).

Useful conversions for the example:

e v = 4085 pc/h
o vy = 117 pc/h
e v, = 700 pc/h
* Uyu2 = B84 pc/h
Then compute:
* Uy = Uyl + Vy2 = 1284 pc/h
® Upw = Vo1 + Vo2 = 4202 pc/h
e Total flow: v = 1284 + 4202 = 5486 pc/h
e Density base: wN = ¥ = 1372 pc/mi/ln
e Volumeratio: VR = “= = (.23

c2|t¢ =



Step 3 — Determine Configuration Characteristics

Two configuration parameters are needed:
1. Number of weaving lanes Nwv

From the geometry — 2 lanes.

2. Minimum Lane changes LCwin
Formula for two-sided weaving:

LCyin = LCpr - vpr + LCRF - VrF
Given:

L LCFR = ]_, Vrr = 700
o LCRF - 1, VRF — 584

LCyrn = (1)(700) + (1)(584) = 12841c/h

Step 4 — Determine Maximum Weaving Length Lmax

Lyax = 5728(1 + VR)' — 1566 Ny
Lyax = 5728(1+ 0.23)"9 — 1566(2)

L’A-IAX == 7977 - 3132 = 4845 ft
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Given actual length L=1500 ft«Lmax , the segment is a weaving segment — continue analysis.

Step 5 — Determine Weaving Segment Capacity

(1) Capacity based on breakdown density (43 pc/mi/ln):

Use:

cwr = crpp — [438.2(1 + VR)M®] 4 [0.0765L,] + (119.9Nyy)

Substitute the values:
CWiI ~ 2094 PC/h/lIl

Convert to total capacity:
CWI = CWI N fHV fp = 7, 974 VEh/h
(2) Capacity based on weaving flow:

2400 2400
VR  0.23

Convert to prevailing conditions:
cw2=9744 veh/h

— 10, 235 pc/h

Cw =
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— Governing capacity = 7,974 veh/h
(Whichever is smaller.)
Demand check:

v = 5,222 veh/h < 7,974 veh/h = Flow is stable; continue analysis

Step 6 — Determine Total Lane-Changing Rates

Lane-changing for weaving vehicles:

LCyw = LCyn + 0.39(L, — 300)*°N?*(1 4 ID)"®

Given data:

Lcw=1284+406.4=1690.4 Ic/h
Lane-changing for non-weaving vehicles
First compute index:

I - LSIDUNW
W 10,000
INIfV = 756.4

Since Inw<1300:
LCyw = 0.206 vy + 0.542L, — 192.6 N

LCNW = 899.2 IC,/h

Total lane changing:
LCysrr = LCw + LCyw

LC 4 = 1690.4 + 899.2 = 2589.61c/h

Step 7 — Compute Average Speeds

Weaving speed:
Intensity:

LCALL ) 0.789

&

W = 0.226 (

W = 0.348
Speed:
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FFS — 15
1+ W

Sy = 52.1mi/h

Sw =15+

Non-weaving speed:

Snw = FFS — (0.0072LCh1x) — (0.0048%)

SNW' - 492 mz/h

Overall speed:

UVw + UNw
§= + oaw
Sw Snw
S =49.9mi/h

Step 8 — Determine Density and LOS

(v/N)
D =
S
D = 5‘136;4 = 27.5pc/mi/ln

From Table 15.1 —LOS = C (very close to LOS D boundary of 28).

EXAMPLE 2 (MAJOR WEAVING AREA)

The freeway weaving area shown in Figure is to be analyzed to determine the expected LOS for the
conditions shown and the capacity of the weaving area. For convenience, all demand volumes have
already been Converted to flow rates in pc/h under equivalent base conditions. For information
purposes, the following values were used to make these conversions: PHF = 0.95, fv=0.93, fp = 1.

2,000 fi

- e . e e - - — . - — T

FFS = 70 mih
ID = 03 int/mi
1,700 porh

SOLUTION




Step 1 & 2 — Convert Demands and Summarize Key Variables

All flows are already given in pc/h. Compute:

* Weaving demand:

v = 800 + 1700 = 2500 pc/h
¢ Non-weaving demand:

vyw = 1700 4+ 1500 = 3200 pc/h
e Total flow:

v = 5700 pc/h
e Density flow ratio:

v/N = 1900 pc/h/In
¢ Volume ratio:

VR = vy /v =2500/5700 = 0.439
e Segment length:

L = 20001t

Step 3 — Determine Configuration Characteristics
e Number of lanes used for weaving with <1 lane change: Nww=3

e Minimum required lane changes: One direction requires none, other requires one:

LClin = (0-vgr) + (1 - 800) = 8001c/h

Step 4 — Determine Maximum Weaving Length

Limax = [5728(1 + VR)*Y] — [1566 Ny |
Lomox = [5728(1 + 0.439)1] — 1566(3)

Lmax = 5556 ft

Since the actual length 2000 ft < 5556 ft, this is a valid weaving segment.

Step 5 — Determine Weaving Capacity
Two limits:
(a) Capacity based on density = 43 pc/mi/In
ewr = erpp — [438.2(1 + VR)'] 4+ [0.0765Ls] + [119.9Nyy]

CWwi = 2128 pC/h/ln

Total (3 lanes):
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cw = 2128 X 3 = 638413(3/11
(b) Capacity based on max weaving flow

3500
W, = R = 7973 pc/h

Governing Capacity = Minimum

Cw =— 6384 pC/h

Demand = 5700 pc/h — stable flow (not LOS F).

Step 6 — Determine Lane-Changing Rates
Weaving vehicles

LCyw = LCuin + 0.39(Lg — 300)"°N?(1 + ID)*®
LCy = 800 + 0.39(1700)*(3)%(1.8)°
LCyw =10321c/h
Non-weaving vehicles

Lane-changing index:

I . LS . ID UNW o 2000 - 0.8 - 3200
AW 100000 10000

LCyw = 0.206vyw + 0.542Lg — 192N

=512 < 1300

LCNw = 659.2 41084 — 576 = 1167 1c/h

Total lane changes

LCyrr = LCyw + LCyw = 1032 + 1167 = 16791c/h
Step 7 — Determine Speeds

0.789
W = 0.226 (LCALL)
5
1679 0.789
= ,22 —_— = .1
W =0 6(2000) 0.197

Weaving speed
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FFS — 15
Sw =156+ ————
v T w
70 —15 )
Sw =15+ 1197 = 60.9 mi/h

Non-weaving speed
Syw = FFS — (0.0072LC\in) — (0.0048v/N)

Snw = 70 — (0.0072 - 800) — (0.0048 - 1900) = 55.1 mi/h

Average speed in the segment

_ Uw T+ UNW
5700

2500 3200
60.9 + 50.1

S =

S =58.2mi/h

Step 8 — Determine Density & LOS

v/N 1900

D=—5= 3332

= 32.6 pc/mi/In

From HCM Table - LOS =D

EXAMPLE 3 (ISOLATED ON-RAMP)

An on-ramp to a busy eight-lane urban freeway is illustrated in Figure 15.15. An analysis of this
merge area is to determine the likely LOS under the prevailing conditions shown.

SOLUTION



Step 1: Convert All Demand Volumes to Base-Condition Flow Rates (pc/h)

Convert freeway and ramp flows from veh/h — pc/h using:

v
., =
" PHF - fuy - fp
fary — 1
B Y Pr(Er — 1)
Results:

o Ramp flow: vg=1,162 pc/h
o Freeway flow: vi=6,078 pc/h

Step 2: Estimate Demand Flow in Lanes 1 and 2 Upstream of Merge
Use Pem (proportion of flow staying in lanes 1-2).

vp 6078

REFS ~ 40 151.9 > 72

PFM’ — 02178 - 0000125 UR

V19 = VF - PFﬂ._f = 441 pC/h

Reasonableness Check

Two conditions:

1. Outer-lane flow < 2,700 pc/h/In

2. Quter-lane flow < 1.5 x lanes 1-2 flow

UVF
= — = 2,431 h
U12 2.50 ,431pc/

This revised value satisfies both criteria.

Step 3: Check Merge Area Capacity

Critical capacity is the downstream freeway section:
vpo = vp +vp = 6,078 + 1,162 = 7,240 pc/h

Capacity at 65 mi/h FFS (Table 15-5): 9,400 pc/h
7,240<9,400
No failure due to freeway flow.

Ramp capacity (Table 15-5, RFFS =40 mi/h) = 2,000 pc/h
Ramp demand = 1,162 pc/h — also acceptable.
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Step 4: Compute Density in Ramp Influence Area

Dpr = 5.475 4+ 0.00734 v + 0.0078 v12 — 0.00627 L,

Dp = 26.7pc/mi/ln
Compare with Table 15-1:
Density 26.7 — LOS C, but close to LOS D boundary (28).

Step 5: Estimate Speed Parameters
Use Table 15-6 formulas.
Speed in ramp influence area:

Sp = FFS — (FFS — 42) My

M — 0.321 + 0.0039¢“m2/190) _ ¢ ngg ( Lo X BFFS
1000
Results:
e Ms=0.383

e Sk =056.2mi/h
Speed in outer lanes:
So = FFS — 0.0036(v,4 — 500)

Result:

e Sp=60.2mi/h

Overall average speed:

UR12 + Unq

S= L oa
Sgr So

S =572mi/h

Final LOS Determination

LOS in ramp influence area — LOS C
But outer-lane density — LOS D

Because the freeway flow is dominant — overall operation = LOS D
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EXAMPLE 4 (SEQUENCE OF FREEWAY RAMPS)

Figure shows a series of three ramps on a six-lane freeway (three lanes in each direction). All three
ramps are to be analyzed to determine the LOS expected under the prevailing conditions shown.

1,500t . 2,500 ft

P
e e e S L L e i L e e e o

e e e =

N\ A
; | B L B 1 SO0 D
s, | ORI T T I s
Level terrain i X 400 ot
PHF = 0.90 Ramp 1 Ramp 2. 2% tock
FFS = 60 mik 500 veh/h 600 vel'h Lo ok
15% trucks 5% trucks : . P};Fc _ﬂl'l'ﬂlﬂ
Level terrain Level terrain '_'191 1
PHF = 095 PHF = 0.92 RFFS =30 mith
RFFS=35mi/h RFFS=40mh
SOLUTION
Step 1 — Convert All Demand VVolumes to Equivalent Flow Rates (pc/h)
Vv

Up = oo
*  PHF fgv f,

1
1+ Pr(Br—1)

fav

Convert:

Freeway demand — vp
Ramp 1 - vp1

Ramp 2 — vps

Ramp 3 — vps

Step 2 — Determine vi2 Upstream of Each Ramp

For each ramp, determine:

e |s there an adjacent upstream ramp?
e |s there an adjacent downstream ramp?
e What is the distance to each?

e What is the correct algorithm (15-25, 15-26, 15-27, 15-28, 15-29, or 15-34)?

Then apply:

General form:



V12 = VR + (’UF - ’UR)PFD or v = vpPry

Where:
e Ppys: merge proportion
e Prp: diverge proportion
e Determined from Table 15.4

e Using correct equations depending on "isolated" vs "non-isolated"

For this example:
e Ramp 1: None-OFF-ON — use Eq. 15-33

e Ramp 2: OFF-ON-OFF — use Eq. 15-30 (check equivalence distances)
e Ramp 3: ON-OFF-None — use Eq. 15-34 (because upstream ramp is close)

At each ramp, verify reasonableness:
e Quter lane < 2,700 pc/h/In
e Quter lane < 1.5 x average of lanes 1+2

Step 3 — Check Capacities
Compare each demand:

V12, UR1, VR2, UR3

with capacity values from Table 15.5:
e Freeway: 6,900 pc/h
e Ramps: 2,000 - 1,900 pc/h depending on RFFS

If demand > capacity, LOS = F.

If not, continue.

Step 4 — Compute Densities in Each Ramp Influence Area

On-ramp density equation
Dp = 5.475 + 0.00734vy + 0.0078v;2 — 0.00627L,,
Off-ramp density equation
Dp = 4.252 + 0.0086v15 — 0.009L,
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Compute density for:
e Ramp1
e Ramp?2
e Ramp3

Use Table 15.1 to determine LOS (A-F).

Step 5 — Determine Speeds

Use Tables 15.6 and 15.7 algorithms:
1. Compute speed-proportioning factor M.
2. Compute:
e Speed in ramp influence area S
e Speed in outer lanes Sp

3. Combine to find average speed of all vehicles:
UR12 + Vo
Yri2 Yo

( S; ) + (So)

Step 6 — Report Final LOS
From Step 4 density results:

S =

e Ramp1—-LOSC
e Ramp2 - LOSC
e Ramp 3 — LOS D (worst and controlling)

Note: Ramp 3 influence area overlaps with Ramp 2, so Ramp 3 LOS dominates.

Overall segment LOS = D, controlled by Ramp 3.
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