UTVRDJIVANJE KAPACITETA I NIVOA
USLUGE AUTOPUTA HCM-2000

EXHIBIT 13-1. EXAMPLE OF BASIC FREEWAY SEGMENT
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ILLUSTRATION 13-2.



EXHIBIT 23-1. BASIC FREEWAY SEGMENT METHODOLOGY

Input
- Geometric data
- Field-measured FFS or
base free-flow speed (BFF3)
- Volume
If BFFS is input
] — Volume adjustment -\
I =3 - Peak-hour factor
BFFS adjustment - - Number of lanes
- Lane width o - Oriver population
- Mumber of lanes = - Heawy vehicles /
- Interchange density B o
- Lateral clearance /’ 3
£
= @mputc— flow rata
™ =
( Compute FFS .
| _/

< Define speed-flow curve

SN/

@etermina speed using speed-flow cur\.r_e/;

>/

@mpute density using flow rate and spead
< Determine LOS
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FFS
BFFS

Utvrdivanje brzine u slobodnom toku

FFS =BFFS —f, = f,c—fy—fip

free-flow speed (ki/h);

base free-flow speed, 110 km/h (urban) or 120 km/h (rural);
adjustment for lane width from Exhibit 23-4 (km/h);

adjustment for right-shoulder lateral clearance from Exhibit 23-5
(km/h);

adjustment for number of lanes from Exhibit 23-6 (km/h); and
adjustment for interchange density from Exhibit 23-7 (km/h).



Faktor Sirine saobracajne trake

EXHIBIT £3-4. ADJUSTMENTS FOR LANE WIDTH

_ane Width (m] Reduction in Free-Flow Speed, fy, (km/h)
3.6 00
3.5 1.0
3.4 21
3.3 3
3.2 58
3.1 8.1
3.0 108




Faktor udaljenosti boCnih smetrnji

EXHIBIT 23-2. ADJUSTMENTS FOR RIGHT-SHOULDER LATERAL CLEARANCE

Reduction in Free-Flow Speed, f » (km/h)
Lanes in One Direction
Right-Shoulder 2 3 4 25
Lateral Clearance (m)

=18 0.0 0.0 0.0 0.0
15 1.0 0.7 0.3 0.2

1.2 1.9 1.3 Q.7 0.4

0.9 29 1.9 1.0 0.6

0.6 3.9 26 1.3 0.8

0.3 4.8 3.2 1.6 1.1

0.0 5.8 3.9 1.9 1.3




Faktor broja saobracajnih traka

EXHIBIT 23-6. ADJUSTMENTS FOR NUMBER OF LANES

Number of Lanes (One Direction)

Reduction in Free-Flow Speed, f, (km/hj

=5

e T i R =

0.0
24
45
[

Note: For all rural freeway segments, f, is 0.0.



Faktor gustine petl)

EXHIBIT 23-7. ADJUSTMENTS FOR INTERCHANGE DENSITY

Interchanges per Kilomster Reduction in Free-Flow Speed, T (km/hj
=03 0.0
0.4 1.1
(0.5 2.1
(.6 39
0.7 5.0
0.8 6.0
09 8.1
1.0 9.2
1.1 10.2
1.2 12.1




Merodavni protok

A

%

P T PHF *N *fuy, T,

15-min passenger-car equivalent flow rate (pc/h/ln),

hourly volume (veh/h),
peak-hour factor,

number of lanes,
heavy-vehicle adjustment factor, and

driver population factor.



P, Py

Faktor teretnih 1 vikend vozila

1
"W =1+ P (Er— 1)+ Pp(En—1)

passenger-car equivalents for trucks/buses and recreational vehicles
(RVs) in the traffic stream. respectively:

proportion of trucks/buses and RVs 1n the traffic stream. respectively:
and

heavy-vehicle adjustment factor.



Za slucaj da je nagib manj1 od 3%
na duzini manjoj od 500 m

EXHIBIT 23-8. PASSENGER-CAR EQUIVALENTS ON EXTENDED FREEWAY SEGMENTS

Type of Terrain

-actor LEvel Rolling Mountainous

—

E- (trucks and buses) 1.5 2.5 45
tp (RVs] 1.2 2.0 4.0




Faktor teretnih 1 vikend vozaca
specijalni slucaj

EXHIBIT 23-9. PASSENGER-CAR EQUIVALENTS FOR TRUCKS AND BUSES ON UPGRADES
E-

Upgrade Length Percentage of Trucks and Buses
(%) {km) 2 4 5 i) 8 10 15 20 25
<? All 1.5 1.5 15 15 1.5 15 1.5 1.5 1.5
0.0-04 1.5 1.5 15 15 1.5 15 1.5 1.5 1.5
> 0408 1.5 1.5 15 15 1.5 1.5 1.5 1.5 1.5
=2-3 >08-1.2 5 5 15 15 1.5 1.5 1.5 1.5 1.5
>1.2-16 20 20 20 2.0 1.5 1.5 1.5 1.5 1.5
= 16-24 25 25 2.5 2.5 20 2.0 2.0 2.0 2.0
>24 3.0 3.0 2.5 2.5 20 20 2.0 2.0 2.0
0.0-04 15 1.5 15 15 1.5 1.5 1.5 1.5 1.5
>04-048 20 20 20 2.0 20 2.0 1.5 1.5 1.5
>34 > 08-1.2 25 25 20 2.0 2.0 2.0 2.0 2.0 2.0
>12-16 3.0 3.0 2.5 2.5 2.5 2.5 20 2.0 20
= 16-24 35 35 30 30 30 3.0 25 2.5 25
>24 4.0 35 30 3.0 3.0 3.0 25 2.5 25
0.0-04 1.5 1.5 15 15 1.5 1.5 1.5 1.5 1.5
= 0408 3.0 25 2.5 2.5 20 2.0 20 2.0 20
>4-5 > 08-1.2 35 3.0 30 30 2.5 25 25 2.5 25
>12-16 4.0 35 3.5 3.3 30 3.0 3.0 3.0 3.0
> 18 5.0 4.0 4.0 4.0 3.5 3.5 3.0 3.0 3.0
0.0-04 20 20 15 15 1.5 15 1.5 1.5 1.5
> 0405 4.0 3.0 25 2.3 20 2.0 20 2.0 20
> 56 > 0508 45 4.0 3.5 3.0 2.5 25 25 2.5 25
> 0.8-1.2 5.0 4.5 40 3.5 3.0 3.0 3.0 3.0 3.0
»1.2-16 55 50 45 40 3.0 3.0 3.0 3.0 3.0
=16 6.0 50 50 45 3.5 3.5 3.5 3.5 35
0.0-04 4.0 3.0 2.5 2.3 2.5 25 2.0 2.0 2.0
> 0405 45 4.0 3.5 3.5 3.5 3.0 25 2.5 25
> > 0508 5.0 4.5 40 40 3.5 3.0 25 2.5 25
> 08-1.2 55 50 45 45 40 3.5 3.0 3.0 3.0
>12-16 6.0 55 50 5.0 45 40 35 35 35
=16 7 6.0 55 5.3 50 435 4.0 4.0 4.0




EXRIBIT 23-10. PASSENGER-CAR EQUIVALENTS FOR RVs ON UPGRADES

Ez

Upgrads Length Percantage of RVs
(%) (km) 2 4 3 5 g 10 15 20
<2 Al 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
>2-3 0.0-0.8 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
> (0.8 3.0 1.5 1.5 1.5 1.5 1.5 1.2 1.2
0.0-0.4 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
>34 | »04-08 2.9 2.5 2.0 2.0 2.0 2.0 1.5 1.5
> 0.8 3.0 2.5 2.5 2.9 2.0 2.0 2.0 1.5
0.0-0.4 2.9 2.0 20 2.0 1.5 1.5 1.5 1.5
=4-5 | =04-08 40 3.0 3.0 3.0 2.5 2.5 2.0 2.0
= (0.8 45 3.5 3.0 3.0 3.0 2.5 2.5 2.0
0.0-04 40 3.0 2.5 2.9 2.5 2.0 2.0 2.0
>5 = 0.4-0.8 6.0 4.0 4.0 3.5 3.0 3.0 2.5 2.5
> (0.8 6.0 4.5 4.0 45 3.9 3.0 3.0 2.3




speed (km/'h)

EXHIBIT AZ3-1. SAMPLE SOLUTION FOR COMPOSITE GRADE

— — Acceleration
— Deceleration

10

15~ 2
Length in Hundreds of Meters

30



EXHIBIT 23-11. PASSENGER-CAR EQUIVALENTS FOR TRUCKS AND BUSES ON DOWNGRADES

Downgrade Length Percentage of Trucks
(%) (km) 3 10 15 20
<4 Al 1.5 1.5 1.5 1.5
4-5 =64 1.5 1.5 1.5 1.5
4-5 > 6.4 2.0 2.0 2.0 1.5
> 56 <6.4 1.5 1.5 1.5 1.5
> 5§ > 6.4 5.5 40 4.0 3.0
> =6.4 1.5 1.5 1.9 1.5
> B > 6.4 7.5 6.0 5.9 4.5




UTVRDIVANIJE GUSTINE

V
D =
S
density (pc/km/In),

flow rate (pc/h/In), and
average passenger-car speed (km/h).

C/)‘?:;: O
T



Utvrdivanje prosecne brzine toka

For 90 < FFS <120 and for tlow rate (v )
(3100-—15FFS)*1V <i(1800-%5FFS)

— —

Vo + 19FFS — 3100
20FFS — 1300

e —

S=FFS— 1(23FFS—1800)(
28




For 90 < FFS < 120 and
v, < (3100 - 15FFS)

S =FFS



NIVO USLUGE
LOS (Level Of Service)

LOS Density Range (pc/km/In)
0-7

>7-11

> 11-16

> 16-22

> 22-28

> 28

ssles B RO N2



EXHIBIT 23-2. LOS CRITERIA FOR BASIC FREEWAY SEGMENTS

LOS
Criteria A B C ) E
FFS = 120 km/h
Maximum density (pc/km/In) i 11 16 o 28
Minimum speed (km/h) 120.0 1200 11456 99.6 8a.7
Maximum v/c 0.35 0.55 0.77 0.82 1.00
Maximum service flow rate (pe/hIn) 640 1320 1840 2200 2400
FFS =110 km/h
Maximum density (pc/km/In) i 11 16 22 28
Minimum speed (km/h) 110.0 110.0 108.5 97.2 839
Maximum v/c 0.33 0.51 0.74 0.91 1.00
Maximum service flow rate (pe/hfin) 77 1210 1740 2135 2390
FFS =100 km/h
Maximum density (pc/km/In) 7 11 16 22 28
Minimum speed (km/h) 100.0 100.0 100.0 93.8 821
Maximum v/c 0.30 0.48 0.70 0.90 1.00
Maximum service flow rate (po/h/In) 700 1100 1600 2065 2300
FFS =90 km/h
Maximum density (pc/km/In) i 11 16 22 28
Minimum speed (km/h) 0.0 490.0 40.0 89.1 804
Maximum v/c 0.28 0.44 0.64 0.87 1.00
Maximum service flow rate (pe/h/in) 630 8490 1440 1955 2230

Nole:

The exact mathematical relationship between density and v/t has not always been maintained at LOS boundaries because of the
use of rounded values. Density is the primary determinant of LOS. The spesad criterion is the speed at maximum density for a

given LOS.



EXHIBIT 23-16. BASIC FREEWAY SEGMENTS WORKSHEET

BASIC FREEWAY SEGMENTS WORKSHEET

Zonal Cesign-nour volume

J, s
- 1 2 : HApolication nput
¥ 450 ' [~ -7 —_; el TR L
o PL ey Operational (LOZ) FFE N, w0y L
E] = e Design (K] FFE, LOS, v, N, 50
e 1 - > | Dsige iy FFS, LOS, N v, 5D
% - et Planning (LOZ] FFS, N, AADT 103, 3,0
-f ) - - Plannimg (M) FFE, LOS, AADT 80
1 o 1 Planning (v| FFS, LOS, N v, 5,0
=z A
1800 2000 i)
Fiow Rate (zz'hin)
General Information Site Information
Arzlyst Higaay, Direction of Trzwel
MBgency or Company FramiTa
Pariormzd durisdiction
yss Time Period Analysis Year
a a a a a a
Oparational [LOS) Design (M} Design v} Plzaning (LO5) Planming [N} Planning :-.-:]
Flow Inputs
Voluma, V weh'h Paak-hour faztor, FHF
Banual g, dai weh/dzy % Trucks and busss, Py
Pezk-hour proportion of 440T, % AVs, Py
Peal-hour direction prepartion, O General terrin
“K*D wsh'h O Llevel O Rofing O Mourtznous
CommuterWaskday Q Recreational Weekend Grade  Length km Up/Down %
Calculate Flow Adjustments
L - K, -
E- f.0  —
i TP E -1 FalEp - 1)
Speed Inputs Calculate Speed Adjustments and FFS
Lans width m ™ fmih
Rt ~zhoulder |zzml clzarance m fie kmih
nisrchange density km fia kmih
Wumber of lanes, N iy km/h
FFS (mezsured) kmyh FRE=BFFS —ip—fo-ip-iy km'h
Basg free-flow spead, BFFS km/h
LO% and Performance Measures
Operationa! (LOS) or Planning {LOS) Design (M) or Planning (M) 13t Heraticn
Wy = o =hiln N assumsd
PETTRRE M e, P N )
. W p - W or DOHY il
3 - kmih T, T peifiin
D= w ] pefkm'ln Los
L5 S
Design [gl ar Planning {v;) Design (M) or Planaing [N} 2nd Kerstion
L3 M assumed
Wy pethiln Vg peihiin
V=w *PHE N f, " § wsh'h 3 kmih
3 kmih D=w /3 pefim.in
D=w 5 pz'km/In 03
Glossary
N - Mumber of lanss 5 fw
- Hourly webams D fie
wp - Flow rate FFS fn
LI of zervics 3FFE- Base LOS, 5, FFE, v, - Exnibits 23-2, 23-3 fig - Exhidi




