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RAMPS AND RAMP JUNCTIONS METHODOLOGY

Input I
- Gaometric data |
- Ramp free-flow speed
- Demand

EXHIBIT 25-1.

/" Demand Flow Adjustment ™
- Peak-hour factor
- Heawy-vehicle factor

e - Driver population factor

Gcmpute flow rat;

On-ramp (Merge influence) | Off-ramp (Diverge influence)

l |

-”Egmputﬁ demand flow rate immediately upstream r”&nmpute demand flow rate immeadiately upstrea?rh
of marge influence area of the diverge influence area

- Lanes 1 and 2 of the mainling g\_ - Lanes 1 and 2 of the mainling

.f/— - . éurrput-a Capacity \
Compute Capacity - Total flow departing from diverge area
- Total flow leaving merge area

: : - Maximum flow entering Lanes 1 and 2
- Maximum flow entering merge area

prior o deceleration lane
'\\ - Existing legs of the freeway _/f

Adjusted demand flow < Capacity|Adjusted demand flow = Capacity Adjusted demand flow < Capacity|Adjusted demand flow = Capacity

] [ 1

(compute density) C LOS F3 } <$nn"pute :Iensit',r} ( L0S F >

< Determine LOS >

( Compute speeds >

\ /N J/

Determina LOS

l

Compute speeds

awa
/ U
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EXHIBIT 25-2. CRITICAL RAMP JUNCTION VARIABLES
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EXHIBIT 23-3. APPROXIMATE CAPACITY OF RAMP ROADWAYS

Canacity (/|
Frag-Flow Speed of Ramp, S i/ Single-Lang Ramps Tio-Lane Ramps
* 2200 4400
» i34 2100 4100
» -0 2000 3600
2 330 1800 3000
< d 1800 3200
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EXHIBIT 25-4, LOS CRITERIA FOR MERGE AND DIVERGE AREAS
L0S Diensity (pc/km/In
<6
= f-12
= 1217

w AT A
= 722

. .".:.l'.:|
gy =

Demand exceeds capacity
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EXHIBIT 25-0. MODELS FOR PREDICTING Viz AT ON-RAmPS

_y *
V=" Py

For 4-lane fregways
(2 lanes gach direction)

P:M - 1[":':'

For 6-lane freaways
(3 lanas each dirction)

P, = 05775+ 0000021,
= 07280 - 00000135 (1 + ) - 00020485, + 0002
P:M - ':Iﬁ'q'ST + [][]'5[]1 llll[:l.'lll.dl:ll,ll.,l

(Equation 1)
(Equation 2|
(Equation 3)

For 8-lane reamays
(4 lanes each direction)

Doy =0.2178 - 0000125V, + 0.03887L, /S,

(Equation 4)
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EXHIBIT 25-B. SELECTING EQUATIONS FOR Py FOR SIX-LANE FREEWAYS

Adjacent Upstream Ramp Subject Ramp Adjacent Downstream Ramp Equation(s) Used
Equation 1
Equation 1
Equation 3 or 1
None Equation 1
Naone Equation 2 or 1
on Equation 1
O Equation 3 or 1
On Equation 2 or 1
O Equation 3, 2, or 1
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EXHIBIT 25-7. CAPACITY VALUES FOR MERGE AREAS

Freeway Maximum Downstream Freeway Flow, v (pe/h) Max Desirable Flow
Fres-Flow Number of Lanes in One Direction Entering Influence
Speed (km/h) : > 4 Area, Vg, (DC/0)

AB0N 7200 9600 2400/1n 4600
4700 7050 9400 2390/In 4600
4500 300 200 23040/In 4600
A500 a0 000 2250/In 4600
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EXHIBIT 25-8. TYPICAL Two-LANE ON-RAMP s 3A é - ) VN PFM d @\_ﬂ\ e.\sl\
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EXHIBIT 25-5. MaJOR MERGE AREA WITH ONE FEWER LANE LEAVING INFLUENCE AREA
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EXHIBIT 25-11. FLOW IN LANE 5 OF FREEWAY APPROACHING SINGLE-LANE, RIGHT-SIDE ON-RAMP
Total Approaching Freeway Flow, v (pc/h) Approaching FraE'.va",-' Flow In Lane 3, v (pc/n)
= 8500

7500-6499 :nﬁuF

G500-74329 h.ﬂMF

5500-6429 ﬁ4V¢
s RR

< 5RO ““LUF
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EXHIBIT 25-12. MODELS FOR PREDICTING V45 AT OFF-RAMPS
1 -

Vip =g * (Ve —Vg)Pep
For 4-lane freaways (2 lanes each direction) | P, =1.00
For 6-lane fresways (3 lanes each direclion) | P, = 0,760 — 0.000025v; — 0.000046v,, (Equation 5)
Prp = 0.717 — 0.000039v + 0.184vy/L (Equation &)
Prp =0.616 — 0.000021ve + 0.038vy /L y0n (Equation 7)
For 8-lane fresways (4 lanes each dirsclion) | Pr, = 0436 (Equation 8}
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EXHIBIT 20-13. SELECTING EQUATIONS FOR Ppp FOR SIX-LANE FREEWAYS

Adjacent Upstream Ramp Subject Ramp Adjacent Downstream Ramp Equation(s) Usad

Equation &

Equation &

Equation 7 or 5
Equation 6 or 5
Equation 5

Equation 6 or 5
Equation 7, 6, or 5
Equation 5

tquation 7 or 5
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EXHIBIT 25-14. CAPACITY VALUES FOR DIVERGE AREAS

Maximum Upstream, v, or Downsirsam Freeway Flow, v

Fraeway Frea-Flow Number of Lanes in One Direction Max Flow Entering
Spesd (km/h) Influence Area, vy, (pc/h)

2400/In
2350/1n
2300/In
2230/In
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EXHIBIT 25-15. COMMON GEOMETRIES FOR TWO-LANE OFF-Rames
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EXHIBIT 25-16. MAJOR DIVERGE AREA WITH EQUAL NUMBER OF LANES ENTERING AND LEAVING
INFLUENCE AREA

EXHIBIT 25-17. MAJOR DIVERGE AREA WITH MORE LANES LEAVING THAN ENTERING INFLUENCE AREA
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EXHIBIT 25-18. FLOW IN LANE 5 OF FREEWAY APPROACHING SINGLE-LANE, RIGHT-HAND OFF-RAMP
Total Approaching Freeway Flow, Vi (pc/n) Flow in Lane 9, v {pc/n)

., ¥ i
= | :DL.'.J

5,500-6,999
4,000-5,438
< 4,000
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EXHIBIT 25-19 SPEEDS IN VICINITY OF FREEWAY-RAMP TERMINALS

Ayerage Speed in Ramp Influence Area Average Speed in Outer Lanes of
(km/h) Ramp Influence Area (km/h)

Merge areas | 3,=3 o —a

[on-ramps)

R e AU 10001 A e e W
M, = 0.321 + 0003922 ™ _ 0 004(L, Spp/1000) |

Diverge areas | Sp = Sgr — (Spe— 67)D,
off-ramps) | D, = 0.883 + 0.00009vy, — 0.0085
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Highway Capacity Manual 2000

EXAMPLE PROBLEM 1
The Ramp An isolated on-ramp (single lane) to a four-lane freeway.

The Questlon  What is the LOS during the peak hour?

The Facts
Y Isolated location, v One-lane ramp,
Y Two-lane {in one direction) freeway v Level terrain,

segment, v Adequate lateral clearances,
Y 3.6-m lane width on freeway, v FFS =100 km/h for freeway,
Y 0 percent RVs, v 5 percent trucks on ramp,
y Ramp volume = 550 veh/h, v Freeway volume = 2,500 veh/h,
Y 10 percent trucks on freeway, v PHF =0.90, and
+ Acceleration lane length = 225 m, v Drivers are regular commuters.
\ FFS = 70 km/h for ramp,

Comments
v Use Chapter 23, "Basic Freeway Segments,” o identify fy, and 1.

Outline of Solution Allinput parameters are known; thus no default values are
required. Demand volumes will be converted to flow rates. Capacity will then be checked.
The density in the merge influence area will be calculated and LOS determined.




Steps

1. Convert volume (vehih) to flow
rate (poih) (use Equation 25-1).

4 Hlln'l" p.l
Ve = 2,500
(0.903(0.952){(1.000)

_ 550
YR =(0.90)(0.976)(1.000)

= = 2,918 pe/h

= 626 pc’/h

Determine Tp {use Chapter 23).

For both ramp and freeway, fp =1.000

Determine TH'-.-' {use Chapter 23).

1

fo = :
W= T P{E.—1) +PRlEg — 1)

1
T (WY) = T g T0q 5 =7y = 0-952

1
Ty (FAMD) = 5551 5 — 1)

= 0.975

Compute Vio (usa Exhibit 25-5,
Peyy = 1.000).

Vyp = Vg * Py, = 2,918 * 1.000 = 2,918 pc/h

Check capacity of downstream
segment (Exhibit 25-7 shows
4,600 pc/h).

Vo = 2,918 + 626 = 3,544 pc/h

Check maximum flow entering
influence area (Exhibit 25-7
shows 4,600 pc/h).

Vaya = 3,244 po/h

Compute density (use Equation
25-5).

Dy, = 3.402 + 0.00456v, + 0.0048v,, — 0.01278L,,
D, = 3.402 + 0.00456(626) + 0.0048(2918) — 0.01278(225)

=174 pc/km/iin

Compute merge area speed as
supplemental information (use
Exhibit 25-19).

Sp =5 — (5. —67TIM,

M §= 0.221 + 0.0039e35441000) _ 0 004(225 * 70/ 000) =
0.393

Sp =100 - (100 - €7)(0.393) = 87.0 km/h
S =5 =87.0 km/h

Detzrmine LOS (use Exhibit
25-4.

LOS D




The Results This on-ramp merge influence area will provide LOS D during the peak
hour. The merge area density will be 17 .4 po/km/din, and the speed in the merge area is
estimated as 87 km/h.

RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information Site Information
Analyst FEFE Freeway/Direction of Travel -1
Agency ar company Foly Junction Famp #1
Datz Performed Jurisdiction
Analysis Time Period Fid Feak Analysis Year 1222
& Operational (LO3) O Design {Ls, Ly, or N} 2 Planning {LOZ) 0 Planming (L, Lp, or M}
Inputs
Terrain Lo
Upstream Adjacent Ramp Downstream Adjacant Ramp
2500 vehvh 73
O es a on 100 Trucks . T fem O Yes O oOn
& Mo o off M o o Off
“up — m LﬂM\'ﬂ - m
W, = veh/h Vg = veh'h
Spr= 109 km'h Bep = el km/h
Sketch (show lanes, Ly, Lp. vig, vED
Conversion to po'h Under Base Conditions
; . - " . = ry W
{pcih) AADT K ] v BHF o HY fay T W
[veh/gay) {vehih) i P PRF iy T,
i 2600 o900 i o952 o 2:a
Np 550 oo 5 QSTE 1.0 S28
Wy
Vo
“erge Aress Divergs Arces
Estimation of vy; Estimation of vy5
Wia = Ve " Py Uyn =g * (Ve — Wl Pep
{Equaticn 25-2 or 25-3) Leg = {Equation 25-2 or 25-03)
LoD using Equation (Exhibit 25-5) Bep = using Equation {Exhilit 25-12)
258 poh Vyz = pcih
Capacity Checks Capacity Checks
Actua Maximum L3S F? Actual Maximum LOS F?
- . - See Exhibit 25-14
Vep S g See Exhibit 25-7 Mo |
See Exhibit 25-14
. 4600 All :
Rz S5 Mo Vn See Exhibit 25-3
Level-of-Service Determination (if not F) Level-of-Service Determination (if not F)
Or = 3402 = 0000456 wa + 0.0048 vya — 001378 La D= 2642 + 00053 wyz — 00183 Lp
Jp= 174 pc/kmein Op = oo kmyIn
O3 = el {Exhibit 25-4) o3 = {Exnibit 25-4)
Speaed Estimation Speed Estimation
M, = DESE {Exhibit 25-10) D, = (Exhibit 23-13)
g = 870 kmv'h {Exhibit 25-18) g = km/h (Exhibit 25-19)
Sq= mh (Exhibit 25-19) [ ki (Exhibit 25-19)
5= 870 keru'h (Equation 25-14) 3= kmih [Eguztion 25-15)




EXAMPLE PROBLEM 2 (PART )

The Ramp An off-ramp (single-lane) pair, 225 m apar, from a six-lane freeway. The
length of the first deceleration lane is 150 m and that of the second deceleration lane is
90 m.

The Questlon  What is the LOS during the peak hour for the first off-ramp?

The Facts

\ One-lane off-ramps, v Three-lane (in one direction)
v FFS = 100 km/h for freeway, freeway segment,

v Rolling terrain, V5 percent trucks on freeway and

V PHF = 0.95, off-ramps,

v 0 percent RVs, v Freeway volume = 4,500 veh/h, and
+ Drivers are regular commuters, v First off-ramp volume = 300 veh/h.
+ FFS = 60 km/h for first off-ramp,

Comments
V Use Chapler 23, "Basic Freeway Segments,” to identify f,,, and fp.

Outline of Solutlon Al input parameters are known; thus no default values are
required. Demand volumes will be converted to flow rates. Gapacity will then be checked.
The density in the diverge influence area will be calculated and LOS determined.
Computations for the first ramp are shown below.




) to flow rate

ch equation to u

e Exhibit 25-12).

ow entering divergs
uence area (Exhib
).

ontinuad)

The Results The first off-ramp diverge influence area will provide LOS D with a
h, and density of 17.2
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EXAMPLE PROBLEM 2 (PART Il)

The Ramp An off-ramp (single-lane) pair, 225 m apart, from a six-lane freeway.
The length of the first deceleration lane is 150 m and that of the second deceleration lane
is 90 m.

The Questlon  What is the LOS during the peak hour for the second off-ramp?

Addltlonal Facts
V Second off-ramp volume = 500 veh/h, and
v FFS = 40 km/h for second off-ramp.

Comments
\ Use Chapter 23, “Basic Freeway Segments,” to identify ., and f,.

Outline of Solutlon  All input parameters are known; thus no default values are
required. Demand volumes will be converted to flow rates. Capacity will then be checked.
The density in the diverge area will be calculated and LOS determined. Computations for

the second ramp are summarized below.




Compute Vis {use Exhibit 25-12).

Compute Pep (use Exhibit 25-12).

P_n,=0.760-0.

FD ™

C:omguute d

Compute sp
information
Equa

9. Detsrmine LOS (use Exhibit

The Results The second off-ramp diverge influence area will provide LOS D with a
diverge influence area speed of 80 km/h, system speed of 86 km/h, and density of 17.6
pc/km/in.
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EXAMPLE PROBLEM 3 (PART )

The Ramp An on-ramp and off-ramp (single-lane) pair, 400 m apart, to an eight-
lane freeway. The length of both the acceleration and deceleration lanes is 80 m.

The Question  What is the LOS during the peak hour for the on-ramp merge influence
area?

The Facts
+ One-lane on- and off-ramps, 7 Four-lane (in one direction)
' Level terrain, freeway segment,
| 3.6-m lane width on freeway, V10 percent trucks on freeway,
| PHF =0.90, v 5 percent trucks on on-ramp,
| Freeway volume = 5,500 veh/h, V0 percent RVs,
+ FFS = 50 km/h for on-ramp, v On-ramp volume = 400 veh/h, and
Y FFS = 100 km/h for freeway, v Drivers are regular commuters.

Comments
¥ Use Chapter 23, “Basic Freeway Segments,” to identify f,, and f,.

Outline of Solutlon  All input parameters are known; thus no default values are
required. Demand volumes will be converted to flow rates. Capacity will then be checked.
The density in the merge influence area will be calculated and LOS determined.




Steps
1. Convert volume (veh/h) to flow _ W
rate (pc/h) (use Equation 25-1). V= {FIHﬂ[fHV;,[fpj
_ 5,500
{0.90)(0.952)(1.000)
400
Vr1 ={0.90){0.976)(1.000) - 429 pe/h
Determine f,, {use Chapter 23). - 1
WV "1+ P E-—1)+ P (E; - 1)

Vg = 6,419 pc/h

1
v (WY) =T gqor 5 -7 - 0-952
-1
iy (ON-TAMP) =5 msA 5 1)~ 0970
Compute v, (use Exhibit 25-3). Vi =¥ " P, = 6,419 7 0.255 = 1,637 po/h
Compute F.,, (use Exhioit 25-5). | P, = 0.2178 — 0.000125v,, + 0.05887 /S,
Py = 0.2178 — 0.000125(455) + 0.05887(80/50) = 0.255

Check capacity of downstream Vg = 6,419 + 455 = 6,874 pc'h
segment (Exhibit 25-7 shows
9,200 pcih).

Check maximum flow enterin Vgqz = 1,637 + 455 = 2,092 pcih
merge influsncs area (Exhibit 25-7
shows 4,600 pc/h).

Compute density (use Equation D =3.402 + 0.00456v, + 0.0048v,, - 0.01278L,

25-5). Dg, = 3.402 + 0.00456(455) + 0.0048(1637) — 0.01278(80) =

12.3 po/kmiin

Compute speeds as supplemental | Sg =5 — (5. - 67)M,

ﬂg'Egﬁ'g{;;f:gﬂg";"fggﬁ 4. | Mo=0.321+0.003922%21%%0) _ 0 004(80 * 5011000) = 0.337
S. = 100 — (100 — 67)(0.337) = 88.9 km/h

Voa = (V2 =V )N = (6,419 — 1,637)/2 = 2,391 pcih

Sg = Sgp — 10.52 - 0.01(vg, — 2300)

S, = 100 — 10.52 — 0.01(2391 — 2300) = 88.6 km/h

. 2092+2304(2) B88.7 km/h

2092 + 2391’2)
[88.9] [ B8.§

Determine LOS (use Exhibit 25-4).| LOS C

The Results  This on-ramp merge influence area will provide LOS C with a merge
influence area speed of 89 km/h, system speed of 89 km/h, and density of 12.3 pe/kmin.




RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information

{Ls, Ly, or N} 3 Planni Q Plamning (Ly,

Capacity Checks Capacity Checks




EXAMELE PROBLEM 3 (PART II)

The Ramp An on-ramp and off-ramp (single-lane) pair, 400 m apart, to an eight-
lane freeway. The length of acceleration and deceleration lanes is 80 m.

The Questlon  What is the LOS of the off-ramp diverge influence area during the peak
hour?

Additional Facts
+ 10 percent trucks on off-ramp, W Off-ramp volume = 600 veh/h.
+ FFS = 40 km/h for off-ramp, and

Gnmments
W Use Chapter 23, "Basic Freeway Segments,” to identify f_,, and ip_

\ Volume for freeway = 5,500 + 400 = 5,900 veh/h
5,500(10) + 400(5)
5,900

=9.7%

Y % trucks on freeway =

Outline of Solutlon All input parameters are known; thus no default values are
required. Demand volumes will be converted to flow rates. Capacity will then be checked.
The density in the diverge influence area will be calculated and LOS determined.




Steps

1.

Convert volume (veh/h) to flow rate (po/h)
{use Equation 25-1).

v
PHFIT, )
. 5,900
® = 0.90)(0.954)(1.000)
600
Vaz =70.00)0.052)(7.000) = / o¢ peih

= 6,572 pc/h

Detarmine f,, (use Chapter 23).

1
fH-,‘I. |:f'|'|"_lf‘:l = Wﬁﬁ—” =0.954

1
fH"..l' iﬂff—lﬂ.mp:l = m: 0.852

Compute v, (uss Exhibit 25-12, P, =
0.436).

Vig = Vg + (Vg —VglFep
V,, = 700 + (6,872 — 700)(0.436) = 3,391 pc/h

Check capacity of upstream segmsnt
{Exhibit 25-14 shows 9,200 pc/h).

vg = 6,872 pofh

Check maximum flow entaring diverge
influence area (Exhibit 25-14 shows 4,400
pcih).

Vi = 3,391 poih

Check capacity of downstream segment
{Exhibit 25-14 shows 9,200 pc/h).

Veq = 6,872 — 700 = 6,172 peih

Check capacity of off-ramp (use Exhibit
25-3, 1,900 pe/h).

Vap = 700 pcih

Compute density {use Equation 25-10).

Dp =2.642 + 0.0053v,, —0.0183L
Dg = 2.642 + 0.0053(3391) — 0.0183(80)
Dp = 19.2 poikmiin

Compute speeds as supglemental
information (use Exhibit 25-19 and
Equations 25-13 and 25-15).

S, = Sq — (S - 67)D,
D, = 0.883 + 0.00009(700) — 0.008{40) = 0.626
Sq = 100 — (100 - 67)(0.626) = 79.3 km/h

Vga = (Vg — vy )N = (6,872 — 3,391)/2 = 1,741 pc/h
S, = 1.065; — 0.0062(v,, — 1000)

S, = 1.06(100) — 0.0062(1741 — 1000) = 101.4 km/h

. F23H1THE) 89 1 km/h

[3391 )+[ 174172 J
79.3 1014

9.

Determine LOS (use Exhibit 25-4).

LOSD

The Results

The off-ramp diverge influsnce area will provide LOS D with a diverge
influence area speed of 79 km/h, system speed of 83 km/h, and density of 19.2 pc/kmiin.




