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Abstract

This study aims to evaluate the traffic performance of an arterial
street serving the entrance to the Misrata Free Zone and to model and
compare the proposed traffic control alternatives at the entrance in
terms of operational performance. The study was based on field
measurements of Free-Flow Speed (FFS) and Average Travel Speed
(ATS), together with Level of Service (LOS) evaluation according
to the Highway Capacity Manual (HCM 2000) methodology. In
addition, the proposed intersection was modeled using Synchro. The
results showed that the mean Free-Flow Speed was 62.85 km/h,
while the mean Average Travel Speed was 48.09 km/h, and the
arterial street was classified as Class II with a Level of Service of B.
A statistical test of the difference between the two speeds indicated
a statistically significant difference, reflecting the effect of actual
operating conditions on travel speed compared with free-flow
conditions. For the proposed intersection, two priority-control
alternatives were evaluated. The first, Yield—-STOP control, resulted
in an overall intersection delay of 78.6 s/veh and a Level of Service
of F, whereas the Free—STOP control resulted in substantially poorer
performance, with an overall intersection delay of 627.4 s/veh. The
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signalized control alternative achieved a cycle length of 150 s, an
overall intersection delay of 28.8 s/veh, and a Level of Service of C.
The results indicate that the signalized control alternative provides
the lowest overall intersection delay among the proposed control
alternatives, while a clear operational issue remains at the entrance
to the Free Zone. In contrast, the existing arterial street operates at
Level of Service B from both descriptive and operational
perspectives, with traffic continuing to flow without the additional
stops or delays that would result from introducing a new intersection.
This reflects relatively favorable and uninterrupted operating
conditions on the arterial compared with alternatives that introduce
a control element at the Free Zone entrance and consequently
generate stops and delays at the intersection. Therefore, the
implementation of the proposed intersection should not be based
solely on the Level of Service of the intersection; rather, the existing
operational conditions, traffic safety requirements, management of
conflict points, and the potential stops and delays imposed on the
arterial street by intersection control should also be considered.
Keywords: Arterial Streets; Level of Service; Free-Flow Speed;
Average Travel Speed; Traffic Intersection Modeling.
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vie saalie 63 sai ald gl (Hlaadl Glad) aatiel Al asal
adld saalie 71 ol Aedl) haaliall oo of Lag Ldelu/oS (E=3) 5 (2=1.96)
deje sl Ladiiieadl) Al ana LUS 55 Lae csthaall Y1 asll Hslany
) el
@als AelufoS 8.74 Al deyu Jawgial adll (gl Calat¥) &l ¢l
saalie 33 sai o L as ) 83 gem el Al alasinls Al aan Ol ke
TT Hrdll Slaaliall 2ae il s (3 clogauadd 40 zgansall Uaally 48 (ggine 2ic
Javssiay sall Gyl ey (e S Aol clinal) alaal 8 cagle s a0l
Clihaty) alatiuly lgie @il e Lsthall Liall agaall Golams Als )l deje
ilasall Ll Zdedll 4 )leal
HCM s Ll ydd) g il LOS Lasil) (g5iuna 233 3.4
Jimy ) (A) (ssinsally 15 ¢(LOS) daxall cilginse Zis (HCM2000) Jids 22a
@3y Auall (e ddlle dann AL Bsliall dulSaly jall Gl Als e
Gs )l g sl S (g 5al) plaa i) Vs e iae W (F) (gsiendlly
Cun Sl golal) Gt Yol Jalal) Ja iy desdll (ggine waaily golal) daw
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Lahsll (ailladll Camy ol Lbay (ulie DA e &b g Class IV
depal bl Gl IS e LS @ihiige o alaieYl o cgolall dnsenailly
Aoy Jlna dlie) @ cduhall sda Ay [19,18 ] (FFS) jgsall all gljall
Lisie bl o3 ey aay g Bl glal) Caieas sl (FFS) Jall gl
52)lsl) 393l (ATS) dad 4ijlke o (1) Jsaall DA e & (ATS) Ala )l e s

L Sall Gkl Lol (ggiee paail Jeaall

[16,6] g bal dsal g Al pil) ¢ lpdll dasid) cligios (1) Jsaa

Urban Street I I I v
Class
90 to 70 70 to 55 55 to 50 55 to 40
Rang of FFS km/h km/h km/h km/h
Typical FFS 80 km/h 65 km/h 55 km/h 45 km/h
LOS Average Travel Speed (ATS)
A >72 >59 >50 >41
B >56 -72 >46-59 >39-50 >32-41
C >40 -56 >33-46 >28-39 >23-32
D >32-40 >26-33 >22-28 >18-23
E >26-32 >21-26 >17-22 >14-18
F <26 <21 <17 <14

Synchro software aladiul 7 84l adaliil) 43dai 3.5
Lbadall Glagy)liall db 3 = i) adaliil) dadal (Synchro) zaliy aladiul o
Gilad Ally cAabiall Lglad) @bl e alaeYl zisall ol 5 a8, L dabadl)
apal W Gy sall pasll e alaie Wl Lyg salls Ljiaseall CDEA (1o de gana
calatl ddee 8 Aestianal) DA aal (5-3) (e JISEY) i gip - 2dll (g5l
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LANE WINDODW = — ¥ « TN ~
EBU EBT EBR | WwWEBL wWBT | NBL MNER
Lanes and Sharing [#REL] P (-T"f ‘i i"
Ideal Satd. Flow [vphpl] 1900 1900 1900, 1900 13900 1900 1900
Lane Width [m] 3.6 3_B| 3.6 3.6 3.6 3.6 3.6
Grade [¥#] — L1] — — 1] o —
Area Type —  Other — —  DOther| Other —
Storage Length [m] oo — o0 oo — oo oo
Storage Lanes [#] — — — — — — —
Total Lost Time [=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Leading Detector [m] 150 150 — 150 150 150 150
Trailing Detector [m] 0.0 oo — 0.0 0.0 oo 0.0
Turmning Speed [km/h] 15 — 15 25 — 25 15
Right Turn Channelized — —  Yield — HMHone —  “Yield
Curb R adius [m]) — — 15.0 — — — 15.0
Add Lanes [#] — — 1] — — — 1]
Lane Utilization Factor — 0.9% — — 0.95 1.00 1.00
Right Turn Factor — D.986 — — 1.000 1.000 0850
Left Turn Factor [prot) — 1.000 — — D0.976| 0.950 1.000
S aturated Flow R ate [prot] — 2966 — — 28936 1504 13456
Left Turn Factor [perm] — 1.000D — — 0.519 0.95%0 1.000
Right Ped Bike Factor — 1.000 — — 1.000 1.000 1.000
Left Ped Factor — 1.000 — — 1.000 1.000 1.000
S aturated Flow R ate [perm] — 2966 — — 1561, 1504 1346
Right Turn on Red — — res — — — res
Saturated Flow Rate [RTOR]) — 23 — — 1] o 33
Headway Factor 1.00 100 100 1.00 1.00 1.00 1.00

Saturation flow rate sudall Gaxll il slall cMiae (3) J<s

VOLUME WINDOW 3 N TN A

EBU EBT EBR |wWBL wWBT | NEL MBR
Traffic Yolume [vph] I]| 800 80 450 4500 120 30
Conflicting Peds._ [#./hr) 0 — 0 0 — 0 0
Conflicting Bikes [#/hr] — — 1] — — — 1}
Peak Hour Factor 092 092 092 092 092 092 092
Growth Factor 100 100 1000 100 100 1.00 1.00
Heavy ¥ehicles [£] 20 20 20 20 20 20 20
Bus Blockages [#/hr) 1] 1} 1} 1] 1] 1} 0
Ad). Parking Lane? No Mo Ho Ho Mo Mo Ho
Parking Maneuvers [{/hr] — — — — — — —
Traffic from mid-block [£] — 0 — — 1] 0 —
Link OD Yolumes — — — — — _ _
Adjusted Flow [vph] 0o 870 87 489 489 130 33
Lane Group Flow [vph) 0o 957 0 0o 978 130 33
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TIMING WINDOW 3 o | TN RO
EBU EBT EBR | WBL WBT| MEL HNER | PED |HOLD
Lanes and Sharing [HRL] 1 (-T"‘ 1'i i' - -
Traffic Yolume [vph] 0 800 80 450 4500 120 30 — —
Turn Type Prot — — Pmt- —  Prot — —
Protected Phases 7 4 = 3 8 2 2
Permitted Phases - - -
Detector Phases I 4 - 3 8 P 2 - -
Minimum Initial [s) 40 4.0 —| 40 40 40 40 - -
Minimum 5plit (s] 8.0 200 —| 80 200 200 200 - -
Total Split [z) 8.0 200 —| 80 200 200 200 - -
Yellow Time (] 35 35 —| 35 35 35 135 - -
All-Red Time () 05 05 —| 05 05 05 05 — —
Lead/Lag Lead Lag —| Lead Lag — — — —
Allow Lead/Lag Optimize? Yes Yes —| Yes Yes — — — —
Recall Mode Max Maz —| Max Max Max Max — —
Actuated Effct. Green [s] — 16.0 - — 2000 16.0 16.0 - -
Actuated g/C Ratio — 033 - — 042 033 033 - -

Wlskls duiguall 3)LaY1 dia)l CMLe gy (5) USa

P Omlidt Gangnlises 3y @alisl) Julas o5 sl Jadl s (s

Aall aalans 3y Gusy (Priority Intersection) duslsl adalis 1Y) sl .1
(Unsignalized Intersection) dsig.all c)Lay) aladial g0 3:5533!\ RSP
« (Signalized Intersection)iguall CHLEYL o Sae adalis 1 SE gLl .2
. @M\ @L&}j\ z\.h.ua‘_g.\ ‘)_9‘).4” &\S_); HL.\E ({.'\g TN

T~ \93‘)1.4.\“5'. igall ST 3.6

uahall ehal) g Lils (S Al & ) adalill (Y edadyall didaslasill degdall fylas
el linenl) Gl Sl Adad Ailae il e Jgaanll YL 0K Al
lelpe o canll iy Lt die il mand ) Llagadnll ol ) 13l
el 5 ([22-20] patigh oSall Bleia)y A$al Llaly ol V1 Y Lasiad
glal sl (Critical Scenario) dsjs Alla gl Gaca adsals Lals Cuw
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daga e 3lug Aayleidl lSall e Lygyall alan) e Jial) ¢g0 Jilal
rolid adgidl S aially iall Ailaidl 8 sl eliall bl
950) sliall Lls oladl e Aadal) Al e %50 of Gl A ceDiajl)
%80 oy eiall Aadaiall slaily Blaw Cilaati cdeluf/dS50 450 Gl ¢ (delo/i
Dl Calanss del/dSie 120 Gl (delu/iSie 150) leie daylall ASall
o2 Jidds cden yal g (%20) Lgtal dowd) 4am Ly (Ja@ll lgn slatly
Wil dylina o gl duilane bl Caaly afgall dald dulaslads bl ol
s WSS Ualda Jiay (6) J<ally Lus da s Adids Al Jial sl

el Gl al)

<—450
w450
o
B 8
5 al) ddlata)

bl dia iad) ASall gyl (6) JSa
AEBlally milial) Julas 4
ATS s FFS cilejul) gilii Julas 4.1
il (FFS) all @8l deju Jawsia of clejull ) (bl il cojelil
by o aysill Lmads chylas) ciyell WS (SD=12.14) ; dclu/sS 62.85
(Shapiro-Wilk) laal selal 3 ¢ amhall a5l ae sus da)n (38155 eyl
Y cades (0=0.05) AN (ggiss o ST as (P = 0.266) sl dos
(7) ISl Jelasy Lll aslall wojsill A (iad)} A8IS dilian] Al 2as3
ol Gl depu lily fjs
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Fres Flow Spesd (kmm)
Normal Distributiom

Eg:.‘*.%- =

Fregency
o

FFS{kmMh)

(FFS) all syl depe aisi (7) J<a

A Acly/p$ 48.09 lgiad il i (ATS) dlsyll deje avgias (sl Lo Ll
(SD=1.19) o3 (Hlaa cibaily 4l 5.99 As)l o) Jasia gl o
Ll (HCM 2000) 8 525l deasl (g5ise suleas (ATS) ad e slae¥ls
((B) exs (g5iwas (Class 1) &l b Caveay 5Lt o oy (1) Jsand) 8
A5 e s Db gyl (3 Jead gl e el ASs o (el g
- Oledl 8y5lially ASHall doja (e anlie )8

Ll llall Gt alasial &5 cclhugiall &jlaay Slasy) il ()Y
Aoyl leal) o siall Glny (ATS) Al de jos Janssie e 8 deniind]
oy -l plal) depud lplea daph 8 dBilee 0585 Cams B9)d Ga) (B
(1) lasl ehaly . (agyll o) Jaal LU Adlany) cilydsdl (2) Jsanl)
(FFS)  husia gm G & ((0=0.005) a2 (e die (iildins (piiisal
da clasag ¢ (t=7.71))Las) dad caly g 3¢ 2ele/S 13,10 (ATS)
AV 6D @ 2sag ) damll sda iy (P<0.005) dad cwilSy 124 <l
O ax sl s e 4l S 138 ¢ (ATS) 5 (FFS) awsie o duilian)
Bidia 1) (e i coang (lsdiall ol ge A5G Cdansgiall cn GHl) 05
sl gyl b
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(ATS) &la ) Asjs (FFS) all glial) (30 o Asibany) Aijaall (2) Jsea

Statistical Measure FFS (km/h) ATS (km/h)
Mean 62.85 49.75
Standard Error 1.44 0.996
Median 63.32 50.24

Mode 58.29 56.83
Standard Deviation 12.14 8.74
Minimum 40.36 28.43
Maximum 87.43 69.7

Count 71 77

Synchro aliiul adalil) dsiai 4.2
Unsignalized 4sls¥) alii gojlisw i

il gLl e (Yield) aSas alas platials adaliill # 39 oliy o3 gjall 138 3
LS ) 8 Gl il el 5 3ad) dddaid) Jaae e (STOP)
LS 0f30l 158.4 ,alill dag el WBL dS$a cilaws cus ¢(3) dpaalle e
(S5imnn e /25 78.6 plalill QY yualill dagie by LS ¢(F) dand (s5innns
Jb 8 Yake Blais 2l 3any ¥V Al plas of ) Sl sy (F) 4o
(Free— alag oSaall g s 3 3anilly 43)laal) (iasaly cdlaagpaall g sall alaal
Al 627.4  JSS alalill Halill Jase aly Cun IS Tsul il culss STOP)
Apna e Dagdg¥l oSl ol of e Jay L
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Lsla¥) allas g jloa B adalisll il o) chdiga (3) Jsss

Movement EBT EBR WBL WBR NBL NBR

Volume

(veh/h) 800 80 450 450 120 30

Control

Delay (sec) 8 20.4 158.4 18 13.2 6.3

Lane LOS F C F C B A

Approach

Delay(sec) 56.3 111.6 11.8

Approach
LOS

Intersection

Delay(sec) 86 F

Signalized 4gall 5LaY) a3 gojliw .o

Ghs by Afguall HLEY) Al pladialy abalil) dadel adi goylisad) 128 b
et Aulee gl LS cade o) gl Taal) s Aliaiia skl 400
150 838 550 (00) oo Cpandl) didee jiaud ()LaY) il (Optimization)
V) s Bglis (4) Jsanll ) cupglils ¢ (C) LIS dard (gginns &0l
(NBR) 5all Cunai o ualill e ol cilais £585 Bla IS (e Lo
Jaxe Jrasg abaliills g8 Toal 525 (F) 4033 (gginay 3S5afasls 100 lsia
O S e Lae (AS0/Al 28.8 adalall wie il Jaigia dlig L5all dalaidl)
SV aglsY) alas glises Alae adalasll Yoike Gt 213 g dgual) sLEY) ol
idgual)l HLEY) Ol Joill (e I ¢ are s s Hall dilaiall g8 (g5 o
kil Jase vie il o i) ASoa )i ae Jaal) G S elal Juadl it
Glagslinall Lol Sligisey bl il Lasle (8) JS&l mpy .3l
il
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Lidgn Bl allily & kal) adaldll o)) Cydiia (4) Jsin

Movement EBT EBR WBL WBR NBR NBL
Volume
(veh/h) 800 80 450 450 120 30
Control
Delay (sec) 5.5 4.5 100 21
Approach
LOS A D F
Intersection
Delay(sec) 288 C
LOS &Delay
1000 LOSF
=
2 LOSF
= 100 LosF
> Losc
)
o
o 10
€
[a]
Q
1 4t Yivield 4l MIF
2 g dWield— 2 1 s¥Free—
4 el 3 )L
#9231 STOP STOP
| B Delay (sec/veh) 28.8 78.6 627.4
Traffic System

Al oSl o adalil) wie jalill i (8) U<
dajiial) Jiladly Aall gl o Addal oY) Ljlia ¢

o bl ol Jiladly lyal aykll Al aasl o Ua A3 Jles
g ool Shdige Gu Bdlie aeS 5lhe Wylieb Galy ¢ iy huay olaie
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78.6 &b b Jla) ) (Yield-STOP) alai (ool s .aSaal) il
il el sl ) (Free-STOP) alai (ol Laiy ¢(F) dadd (ggiusns 48 5e/Auls
ay Aigall BLEY) aUas 3hs Jilaall Ay . (F) 4exd (gginnny 48 )e/40l 627.4
OsSS (C) daxd (ggiunes AS5efals 28.8 &by WS Baal (5LaY) Cadg (s
celnll I L) oY) Cam e A el Sl iy o Jndl) ol bl
Bal) dzhaiall Jade die e el GlSa (gaa] die Abads ACha gy Hhaial as
a Jhainl Sadi sl gl Gld cdilad) oo dadeasl) k) glaie (1
G5 e L Loty Lag Baaa aSas ddadi ddlia) (50 Slpdll Gohll e sl
(Al pasll b Ball dabaidll (ye da)lall A$al o €a WS daaal) die il
Vay colisall Jlga ) dseasll dd o 400 <l dilesad Gaad) slaily ) Aliale
Shdgay dabaill 2305 (5) Jsand) padliy . daaal) die s oSan ddas JB) (1
gl aSa By Jlal) pagll Ll elay)

g aal) &g yal) AaliiS danil) iligianay Al o) Cpdige padla (5) Jsas

im\ Aail A (S PRERIRIN
B 62.85/48.09 | FFS/ATS (km/h) s Gk
627.4 Control Delay Free- 43sls) adatsi
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