Lecture Fourteen

Analysis of Weaving, Merging, and Diverging Movements

Weaving, Diverging, and Merging Segments g «ilai) o sbail) (ghlia

4 Weaving — one movement must cross the path of another along a length of the facility
without the aid of signals or other traffic control devices
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% Merging — two separate traffic streams join to form a single one
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<+ Diverging — one traffic stream separates to form two separate traffic streams
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<+ Why do we consider these separately from BFS/Multilane Segments?
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See Figure 1 for anillustration of weaving, diverging, and merging
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(a) Weaving movements cross each others path.
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(b) Merging movements join to (c) Diverging movements divide
form a single traffic stream. to form separate traffic streams.
Sal9 goase (305 A8 e N masli glaa) ASa Rl (yulialia i€ ) Juallt i) 48 o
a9

Fig. 1 Weaving, Merging, and Diverging Movements.



LOS for W/M/D Segments 3ty czladi¥l) oz glaill ghalial dadl) (5 gimsa

g ol (ki Merge or
Weaving Areas Diverge Areas
dasdl) (5 glna Ty e el
- Density Range (pc/mi/ln) i ’
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
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Flows in a Weaving Segment and the Weaving Diagra . .
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Fig. 2 Flows in a weaving Segment and Weaving Diagram.



Weaving Configurations are shown in Fig. 3 ¥ af, Jsill & g ga g glall) il
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Fig. 3 Weaving Configuration.



Influence Areas for Merge, Diverge, and Weaving Segments
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Fig. 4 Influence Area.

Weaving Analysis-Input Requirements
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Existing roadway and traffic conditions are required, including:
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Length and width of weaving area
Number of lanes

Type of configuration
Terrain/grade conditions

FFS

Hourly volumes
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Analysis Steps Jalail) & ghd

Step-1: Input Data <3l ciliby 1159 5 shil)

Ensure to write all the input data in one place before analyzing the weaving section
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Step-2: Determining Flow Rate (3 Jasa cilua 1400 5 ghail)

%4
V.= ———/——————
PHF*N*fHV*fp

v;: Demand flow rate, pc/h, under equivalent based conditions
doalu) Cagplal) Ll conl Ao LufB piiua LS pa cilaa gy callal) (3805 Jana

V. Demand volume, veh/hr under prevailing conditions sibud) ca gl il i de /il ja cilas g calhal) aaa
PHF: Peak Hour Factor 55,4 delu Jalza
fuv: Heavy-vehicle adjustment factor 4Ll s jall (88 Jalaa

fp - Driver-population adjustment factor Aakita s ; sy gkl asiios il (38 Jalaa
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Vw = Uyt T Uy

Unw = Vo1 T+ Vo2

v =1, + Uy
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Step-3: Determine Configuration Characteristics &4l il paiiad saas AU § bl
* One Sided Weaving a5 cuila (e 0985 7 glail) dahaia
» LCgrr — minimum number of lane changes that a ramp-to-facility weaving vehicle must
make to successfully complete the ramp-to-facility movement.
il adalal) L) zlealy) £153 cpe g sbaill ASa alady Aplhall il jaal) i daad AaY) aad)
» LCrr- minimum # of lane changes that a facility-to-ramp weaving vehicle must make to
successfully complete the facility-to-ramp movement.

Aaiy) £103 (N apedl (Gshall i ) adallall (e gz glall) AS a alaiy Ay gllaall G paall sl dd LS89 aal)
» Nwv- number of lanes from which a weaving maneuver may be completed with one lane
change, or no lane change. .. a5 ;g of aaly san ossi L Zoaill A ja Jlasy 4 slhaal) il paall 220

LCmin = (LCpgr < Vggr) + (LCrg < VRp)

* Two Sided Weaving O s g obadl) Aikia
» Lrr — minimum number of lane changes required for ‘ramp-to-ramp’ movement.
Aaiy) £1,53 LN zladiy) £1,3 (e g gballl e AS a aladY 4 gllaall il jaal) pd aaed S8y aad)

» Nwv=0 (only vehicles moving ramp to ramp are considered to be weaving
i) £1,3 ) glaaill £153 (e S jall AS 2 i« jhia (5 glaa gz glail) A jad A pthal) il jaall 238 (68 Ladie
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LCyin = (LCrg <> Vgg) + (LCrp © Vgp)
LCrr Aaiy) £1,3 A zlaaly) £1,3 cra g gbaill & AS Al 4y gllaal) il jaall it aamd S8y aal)
LCyiy = (LCrr X Vpr) S all 7 glaill & A8 ja JlaSy 4y gllaal) <l jaal) i aaad AaY) aal)
Vi = Vgg Ao lufs piua AS e Glaa 5z slaill dilaie e ) s
Unw = Vpr + Vgp + Vpr Ao lufs pia AS o Claa g 7 glall dihaie G gz ladll e ANl Mea)

Step-4: Maximum Weaving Length Jsk! ¥ aall Glaa a5 ghil)

Lyax = [5728(1 + VR)*¢] — 1.566N,,,,



/ Short length (ft) \

; ! Lg /I Base length (ft) ‘
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Lg=10.77%Ly

Step-5: Capacity of the Weaving Segment g sbe) 4bkaial 4l tuy) dacd) Gilus 14l sl) 5 bl

Calculate Cyww (capacity per lane of weaving section under ideal conditions):
A lial) Cig il i caad gz glail) dlhaia 8 jaa JSU Aplaiod) daud) Glua

Convert Cyw. to total capacity for the weaving segment under prevailing conditions:
Bailual) i g ydal) il it 7 glail) Alhaia A Alagin) dad) Jygal

Cw1 = Crwr X N X fuy X fp

Capacity Values — CirL  Aslain) daul) o

« Based on Breakdown Density Al U e "alde] ¢ sladl “-‘M‘*-‘-""-‘-“Y‘ Al claa
a9l Al Jaall
Calculate Cyww (capacity per lane of weaving section under ideal conditions):

Cows = Cipy — [438.2(1 4+ VR)16] + [0.0765Lg] + [119.8Nyyy ]

Convert Cyw. to total capacity for the weaving segment under prevailing conditions:
Bailuad) g Al il cuali 77 glail) Allatal A0Sl dadd) ) Alagin) daad) Jy g

Cw1 = CIWLNfHpr

Table 1. Capacity Values. Y a8, Jgaall & a ga LaS dlaina) dad) o

Freeways Multilane Highways and C-D Roadways
FFS (mi/h) Capacity (pc/h/In) FFS (mi/h) Capacity (pc/h/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




s Mhaldie ) 7 glaill ddhaial dyladtiay) daud) cilua
gobaill 5 gl (BRAT Jamal 2B aal)
Calculate Ciw (based on number of weaving lanes): 7ol & e 2o o "alaie | dad) s

* Based on Maximum Weaving Flow Rate

Cyw = 2400/VR for Ny, = 2 lanes
Convert C;y, to total capacity for the weaving segment under prevailing conditions:
Baileal) i g lal) il caa gz glail) Aldatal A0S dndd) ) Aplaia) Aaad) Jy g
Cw2 = Crwi * fuv * fp
¢ Final Capacity and v/C ratio
Cw = MIN(Cw1, Cw2)
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If V/c>1.0 LOS=F, and STOP

Step-6: Total Lane Changing <isall sadl (Maa¥) aaal) :duall) 5 shil)

* For Weaving Vehicles
Total lane changing rate for weaving vehicles zslaill s jal &l jaall padl Alaa) aad)

LCw = LCpy + 0.39[(LS — 300)*5N2(1 + ID)°8

* For Non-Weaving Vehicles
LCyw1 = 0.206vyw + 0.542L¢ — (192.6N) a8 pdise o Oibladdl aa) ld) A
sl C.LAJA LAS} )L\.&AM

LCywz = 0.2135 4+ 0.223(vyy — 2000)

* Lane Changing Index _twall jasd ydisa
Total lane changing rate for weaving vehicles g slail) e jal < jaall 330 Jlaay) asl)

* For Non-Weaving Vehicles
_ I IDvyy

Iy =
NW 10000

If INW < 1300 LCNW = LCNW1
If INW > 1950 LCNW = LCNWZ



INnw—1300

LCyw = LCyw1 + (LCxw2 — LCawi) 5 )

e Total Lane Changing 4ikis (& <l jaall yuad Jara llaa)
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LCALL = LCW + LCNW

Step-7: Average Speed 4 sl Jira cilesar daglad) 5 hadl)
» Weaving Vehicles gl <l a

_ Smax+SMIN
Sw = Smin + (—1+w )

W = 0.226(~ALL)0789 kel 53 Jalas

« Non-Weaving Vehicles zsill »& <l sa

Syw = FFS — (0.0072LCy;y) + (0.0048 g)

*» Average Speed
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Step-8: Determine Density  4a0ist) clua: dialil) 5 ghdll
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D: is the density for all vehicles in the weaving segment (pc\mile\ln)
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LOS for W/M/D Segments ad cuws snaad oy slaity) g gpleaily gz glail) dikaial daddl) (5 gia
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Table 2. Level of Service (LOS).

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 >728-35

E >35 >36 >35

F Demand Exceeds Capacity

EXAMPLE PROBLEM 1:

LOS OF A MAJOR WEAVING SEGMENT the Weaving Segment

The subject of this operational analysis is a major weaving segment on an urban freeway under no
severe weather conditions and without incidents, as shown in Fig. 3. The short length of the
weaving segment Ls is 1,500 ft. What is the level of service (LOS) and capacity of the weaving
segment shown in Fig. 5?

/ - Ls=1,500 ft - gy

> v+ = 1,815 veh/h

ver = 1,037 veh/h
Ve = 692 veh/h
> vig = 1,297 veh/h

7
v= 4,841 veh/h

Fig. 5 Major Weaving Segment Data.

Solution:

In addition to the information contained in Fig.5, the following characteristics of the weaving
segment are known:

PHF = 0.91 (for all movements);

Heavy vehicles = 5% trucks;

Driver population = regular commuters;



Free-flow speed (FFS) = 65 mi/h; ramp FFS = 50 mi/h;
cirL = 2,350 pe/h/In (for FFS = 65 mi/h);

ID = 0.8 interchange/mi; and

Terrain = level.

Note that the ideal freeway capacity per lane cirL is the capacity of a basic freeway segment, where
the FFS is 65 mi/h. It is drawn from the methodology of Basic Freeway and Multilane Highway
Segments.

The heavy-vehicle adjustment factor is computed as:

1 1
fuv = 1+Pr(Er—1)  1+0.05(2-1)

= 0.952

Then convert all demand volumes:

v, = —2
U PHFXfpy

Vpp = % = 2094 pc/hr
Vpp = ﬁ = 798 pc/hr

Vpr = ﬁ = 1197pc/hr
Vpr = ﬁ = 1497pc/hr

vy = 798 + 1197 = 1995 pc/hr
vyw = 2094 + 1497 = 3591 pc/hr

v = 1995 + 3591 = 5586 pc/hr

VR =225 _ 0357
4486

The configuration is examined to determine the values of LCrr, LCrr, and Nwr. These
determinations are illustrated in Fig. 6. From these values, the minimum number of lane changes
by weaving vehicles, LCwmin, is then computed:



Fig. 6. Example Problem 1: Determination of Configuration Variables.

Thus, LCrr = 0. Freeway-to-ramp vehicles must make at least one lane change to complete their
desired maneuver. Thus, LCrr = 1. If optional lane changes are considered, weaving movements
can be accomplished with one or no lane changes from both entering ramp lanes and from the
rightmost freeway lane. Thus, Nw. = 3.
LCyin = (LCrp X Vgp) + (LCpr X Vgg)

The maximum length over which weaving movements may exist is determined:
Lyax = [5728(1 + VR)1® — (1566Ny,,)

Lyax = [5728(1 + 0.357)16 — (1566 X 3) = 4639 ft

e Capacity Controlled by Density
Crwi = Crrr — [438.2(1 4+ VR)M6] + (0.0765L;) + (119.8Ny,)
Cwr = 2350 — [438.2(1 + 0.375)6] + (0.0765 x 1500) + (119.8 x 3) = 2110 pc/hr/In
cw = Ciwr X N X fgy = 2110 X 4 X 0.952 = 8038 veh/hr

e Capacity Controlled by Maximum Weaving Flow Rate

3500 3500
Ciw = VR 0357 9800 pC/hT

cw = 9800 x 0.952 x 1 = 9333 veh/hr



Note that the methodology computes the capacity controlled by density in passenger cars per hour
per lane, while the capacity controlled by maximum weaving flow rate is computed in passenger
cars per hour. After conversion, however, both are in units of vehicles per hour.

The controlling value is the smaller of the two or 8,038 veh/h. Since the total demand flow rate is
only 5,320 veh/h, the capacity is clearly sufficient, and this situation will not result in LOS F.

Estimate the lane-changing rates of weaving and non-weaving vehicles in the weaving segment.
In turn, these will be used to estimate weaving and non-weaving vehicle speeds.

Weaving Vehicle Lane-Changing Rate:
LC,, = LCyn + 0.39[(Ls — 300)°°N2(1 + ID)%®8]
LC,, = 798 + 0.39[(1500 — 300)°542(1 + 0.8)°8] = 1144 Ic/hr

Nonweaving Vehicle Lane-Changing Rate:

I _ LgxXIDXvyw
NW ™ 10000
1500x0.8X3591
Iyw = ———— =431 <1300
10000

LCyw = LCyywy = (0.206 X 3592) + (0.542 x 1500) — (192.6 x 4) = 782Ic/hr
Total Lane-Changing Rate:

LCyy, = LC,, + LCyy = 1144 + 782 = 1926 Ic/hr

The average speeds of weaving and nonweaving vehicles are computed:

W = 0.226(~4LL)0789

W = 0.226(=0)*7% = 0.275

Then:

FFSXSAF—-15

SW=15+( T+w )

65x1—-15
1+0.274

Sw=15+( ) = 542 mile/hr



And,

Snw = FFS X SAF — (0.0072LCyy) — (0.00482)

5586

Sww = 65 x 1= (0.0072 x 789) — (0.0048 %) = 52.5 mile/hr

Compute the average speed of all vehicles in the segment:
Vw + VNw
(5) + ()
3591 + 1995
(s25) + (522)

= 53.1 mile/hr

Estimate average density:

= 26.3 pc/hr/mile

The resulting density of 26.3 pc/mi/ln is compared with the LOS criteria of Table 2.
The LOS is C, since the density is within the specified range of 20 to 28 pc/h/In for that level.



