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Intersections are considered one of the most important components of road networks, and
contribute directly to reducing travel distances between regions, but high traffic flow rates at
intersections cause increased delay times and the possibility of traffic accidents, so traffic is
controlled using one of the known means; priority signs - stop signs - traffic lights. This research
paper focuses on intersections controlled by traffic lights. Intersections organized by traffic lights
are the most widely used to control traffic in cities, and the analysis and design of the traffic light
system depends on several factors. The operational performance of intersections is affected by
road characteristics, traffic type, and surrounding conditions. The paper aims to analyze the traffic
performance of intersections organized by traffic lights according to the analytical method
followed by Highway Capacity Manual (HCM) then verify the results by applying them to a
number of existing intersections; to provide a file that facilitates the process of analyzing any type
of intersections equipped with traffic lights and with traffic lanes that are not completely separated.
The method is to study the steps of analyzing intersections equipped with traffic lights approved by
the American code HCM, and apply them to Microsoft Excel 2010 using the same equations and
on the same worksheets specified in the code. This work results in providing an integrated system
ready for direct use to analyze any type of intersections equipped with traffic lights on roads with
non-fully separated lanes. It can be said that the program saves time, and makes it easier for the
engineer in charge of projects to analyze the intersections he works on, which are similar to the
intersections studied in this research, and thus obtain quick and accurate results.
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SUPPLEMENTAL WORKSHEET FOR PERMITTED LEFT TURNS OPPOSED BY SINGLE-LANE

APPROACH
General Information
Project Description |Examp\e
Input
EB WB NB SB
Cycle length, C(s) 70.00
Total Actual green time for LT lane group, G (s) 0.00| 0.00 36.00 36.00
Effective permitted green time for LT lane group,g(s) 0.00| 0.00 36.00 36.00
Opposing effective green time, g0 (s) 0.00| 0.00 36.00 36.00|
Number of lanes in LT lane group, N 0.00| 0.00 1.00f 1.00|
Adjusted LT flow rate, vLT (veh/h) 0.00| 0.00} 33.33] 44.44)
Proportion of LT volume in LT lane group, PLT 0.00| 0.00) 0.07] 0.07]
Proportion of LT volume in opposing flow, PLTo 0.00| 0.00 0.07] 0.07]
Adjusted flow rate for opposing approach, v0 (veh/h) 0.00| 0.00 666.67| 466.67|
Lost time for LT Iane group, tL 0.00| 0.00 4.00] 4.00)
Computation
LT volume per cycle, LTC 0.00] 0.00 0.65) 0.86)
Opposing flow per lane, per cycle, volc (veh/C/In) 0.00| 0.00 12.96) 9.07,
Opposing platoon ratio, Rpo 0.00| 0.00} 1.00] 1.00|
o 0.00] 0.00) 14.7]] 10.43
Opposing queue ratio, gro 0.00| 0.00 0.49) 0.49)
g4 0.00 0.00 12.19) 833
gu 0.00| 0.00 21.29 23.57,
n 0.00| 0.00 0.00] 0.00|
PTHo 0.00] 0.00 0.93] 0.93]
Opposing lane utilization factor, fLUo 0.00| 0.00 1.00} 1.00|
voe 0.00] 0.00 666.67| 466.67,
Sit 0.00] 0.00 512.44] 589.22]
EL1 0.00| 0.00 271 2.22]
ER 0.00] 0.00 1.00} 1.00|
fmin 0.00] 0.00 0.06) 0.06)
gdiff 0.00] 0.00 0.00] 0.00
fLT=fm 0.00] 0.00 0.94] 0.95]
JULI a5 Aualied! Jaall 4359 :8 JS2dI

SUPPLEMENTAL WORKSHEET FOR PEDESTRIAN-BICYCLE EFFECTS ON PERMITTED LEFT TURNS

General Information
Project Description

Permitted Left Turns

Effective pedestrian green time, gp (s)
Conflicting pedestrian volume, Vped (p/h)
Vpedg

0CCpedg

Opposing queue clearing green, gq (s)
Effective pedestrian green consumed by opposing
vehicle queue

0OCCpedu

Opposing flow rate, vO (veh/h)

occr

Number of cross-street receiving lanes, Nrec
Number of turning lanes, Nturn

Apbt

Propotrion of left turns, PLT

Propotrion of left turns using protected phase,PLTA
flpb

Permitted Right Turns

Effective pedestrian green time, gp (s)
Conflicting pedestrian volume, Vped (p/h)
Conflicting bicycle volume, Vbic (bicycles/h)
Vpedg

OCCpedg

Effective green, g (s)

Vbicg

0CChicg

occr

Number of cross-street receiving lanes, Nrec
Number of turning lanes, Nturn

Apbt

Propotrion of right turns, PRT

Propotrion of right turns using protected phase,PRTA
fRpb

JUll abslasd uosludl Joall 23929 S

L — Lo Aoty slabo il asf e Juloeid) Gkas .2

Capacity and LOS Worksheet

General Information
Project Descriptio Example

Capacity Analysis

Phase number

Lane Group C:

Platoon Ratio, Rp
PA
P

Lane group

Uniform delay, d1.(s/veh)

ntal delay calibration, k

ental delay, d2

57.66| 30.60] 14.29] 2151
E c B I
800.00] 833.33] 466.67] 66,67
3348

JUL alolax] AU Jaadl 2359 :6 JSAJI

SUPPLEMENTAL WORKSHEET FOR PERMITTED LEFT TURNS OPPOSED BY MULTILANE APPROACH

AND RIGHT TURNS
[Example General Information
Project Description: Example
EB WB NB B
26.00) 2600 36.00) 36.00) Input
10000 10009 10000 10000 £ w8 NB S8
269.23) 269.23| 194.44| 194.44| Cycle length, C(s) 70.00]
0.13) 0.13 010 010 Total Actual green time for LT lane group, G (s) 26.00) 26.00 0.00 0.00
11.32 801 1219 833 Effective permitted green time for LT lane group,g(s) 26.00| 26.00 0.00 0.00
04 031 034 0n Opposing effective green time, gO(s) 26.00) 26.00 0.00 0.00)
011 011 0.08 0.09 Number of lanes in LT lane group, N 2.00 2.00 0.00 0.00
833.33) 800.00) 666.67| 466.67) Number of Ianes in opposing approach, NO 2.00 2.00 0.00 0.00
0.03) 0.04 003 0.04 Adjusted LT flow rate, vLT (veh/h) 7.2 3333 0.00 0.00)
L00 100 200 200 Proportion of LT volume in LT lane group, PLT 0.09 0.04 0.00 0.00
1.00 100 100 1.00) i ;
097 0.9 0.8 097 Adjusted flow rate for opposing approach, v0 (veh/h)) 833.33) 800.00) 0.00 0.00
0.09 0.04) 0.07] 0.07 Lost time for LT lane group, tL 4.00 4.00 0.00 0.00
0.00) 0.00f 0.00f 0.00| Ce i
1.0 1.00 100 1,00 LT volume per cycle, LTC 140 0.65 0.00 0.00
Opposing lane utilization factor, fLUo 0.95 0.95) 0.00 0.00
26.00} 26.00] 36.00| 36.00] .
100,00 100,00 100,00 100.00) Opposing flow per lane, per cycle, volc (veh/C/In) 8.53 8.19 0.00 0.00
20.00) 20.00) 20.00) 20.00) gf 44 9.62 0.00 0.00
269.23] 269.23] 194.44] 194.44) Opposing platoon ratio, Rpo 0.67 133 0.00 0.00
0.13] 0.13 0.10 0.10 Opposing queue ratio, gro 0.75 0.50 0.00 0.00
26.00 26.00] 36.00] 36.00]
53.85| 53.85) 38.89 38.89) & 13 801 000 000
o0l oo 003 003 g 1468 16.3] 000 000
0.17) 0.17] 0.13 0.13] voe 871.19 842.11I 0.00 0.00
1.00 1.00 2.00 2,00 Sit 439.99) 451,49| 0.00 0.00
100 100 100 100 £l 3.3) 3.1 0.0 0.0
0.83) 0.83f 0.92 0.92,
0.05 003 0.05 0.08 L - 027 0.09| 000 000
000 00 o0 o0 fmin 0.10 0.0g] 000 000
099 1.00| 1.00] 09 fm 05) 09 0.0 0.0
T 071 090] 000 000

due Jlexr pla ablas (10) il o Ayl ablad) @bl
St @1 slabladl eal (e day sa9 « doell Gsadl £5La pa ol
Lyl (51,8¥ Asladly Lo Luall 89,401 SlAd § Gr9m al>3b
sadly abladl ol ludl ol e Jloz pld (£58 ued @3
@ aié ablatll sl (=l Goudl gla (£, Liy (EB/WB)
(NB/SB) 30,] Laajiuas
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Signalized Intersections

Input Worksheet
t: |Analyst Intersection
Agency or Company: |Agency or Company | AreaTyp R
Date Perfor Date Performed Jurisdiction: urisdiction
Analyst Time Period: [Analyst Time Period| Analysis Year: [Analysis vear
rojectDescpton
Intersection Geomtr - -
ersection Geomtry o a gl:gll eron|| éﬁ)]qﬁa\.ﬁ\.\.g.:. Jl> @L& c‘aLmﬂO JSad
T3 7.3
1 1
1 1 . . . . . .
0 0 z
0 0 3 .. - - -~ - N 5 - £ A .o - . i 1
: : Joldt i ) zlimsy a0 Lol W) B,L4) 40 ,dm abladll b Lale
] 1 -
wB NB B .
TH RT T RTO jig TH RT =
857 q o eod 0] o o9 q i =
B| o 0| Bl 0| 0 p| o S~ _?l_
0885 o o ossg q o ossg q o=
1] o] 0| 1 0| o] 1] o < | B
q o q o q q q q oy | 2
q q q o o q o q 3 )
3| o q 3 q o 3| o O] e
100 100 100 D -
) 0 )
2 2 2
0 0 0
Bus stopping, Nb ( 0 0 0 0 L I'J"_"fa'
Lane Group and Signal Ph o
e roupantSinalheses EB wB NB B .!:'('(’:‘féi! el 3 1
T TH. RT: J\g TH RT: L RT: J\g TH RT: - o .
Group Number o o o o o o 3 o o aq 3 = TS S o
Phase Number [ o] B of of Bl of o B q of Bl of B
Signal Phasing Plan
Phase Number 1 2 3 4 5 6 7 8
Timing = 07299 qf q of q of q
v [Csel_sal o o o o o 4
Unit extension [ ol o o o o of o q
Cyde fengt -
EB WB NB SB
Vin. iming forpedestrains, Gp ]
AdditionalInformation N - \ﬁr?““' - .’AZ‘U é,_mjl t‘oLES Oy A
o= [ o sl o
IS I I
Lane Utilization Adjustment Factor = - - = . I |~-.IL.' "I .}l‘ é-ﬂ - ”
EB and WB HV = 2 All Avenue has two lanes
v owm
Duration of analysis perod (]  d o 4
upstean g meterngsdusment o 12 | d—al g percent
5 - ABye : NB and SB HV = 2 All Streets has four lanes, two in each
gl:vil eron|| tlal.a_d‘_lfl\ Jeall 48,y9:12 JS&JI !
percent direction
Volume Adjustment and Saturation Flow Rate Worksheet ) ) )
PHF = 0.888 No parklng at intersection
General Information
PrjectDescrption Fethe ‘ Two-phase signal Pedestrian volume = 100 p/h, all
Volume Adjustment
m W W % approaches
LT TH RT T TH RT T TH RT T TH RT R R
oof o ool ool w0 oof oo sodl oof ool emao o0og NB-SB green =29.29s  Bicycle volume = 20 bicycles/h, all
ool o0& oo oo oss| oo oo o8] omf oo os] oo
o000 o946 oo oo w04 oo ooo| esss oo oo essa oo approach es
regon 200 200 200 20
Adjusted flow rate in ane group,v{veh/h) 000 95946 00| o000 os9o46] o000] 000 eess oo o000 esssr] oo EB-WB green = 35.07 Movement lost time =4 s
Proporation o LT or RT [PLTor PRT) oo oo oo oo oo oo oo oo om oo o[ oo
Saturation Flow Rate $
Base saturation flow, 0 {pc/h/In) oo 100000 oo oo 100 oo oo 15000 oo ooo] 10000 o0q] _ .
Number ofanes, N o] 2000 oo ooo| 200 oo oo 20 oo oo 200[ oo Yellow =5.03s,5.61 s Level terrain
Lane width adjusment factor, fu o] 351 oo oo 3s] oo oo 34 o] oo 3u oo
Heavy-vehicle adjustment factor, HV oo 0%l oo oo 0% oo oo 0% om| oo oss oo
Grade adjusment factor, g o] 1000 oo oo 1ol oo oo 1o o[ oo 100[ o0 PR
Parking adjusment fa o] 1000 oo oo 1ol oo oo 10 o[ oo 100[ o0 tabs A2
Bus blockage adjus o] 1000 oo oo| 1ol oo oo 10 o[ oo 100[ o0
Atea type adjusment facor, fa oo 1000 oo oo 1oof oo oo 10 o[ oo 100[ o0 5.0 =Ll . _
Lane utlzation adjusment facor, fLU oo oss oo oo oss[ oo oo 10 o[ oo 100[ o0 -Q | “KJ £ 3=s ‘) o2
Left-tum adjusment factr, fLT oo 0% oo oo os[ ooo] oo 0% om| oo 0% oo . . . N N
Righttum ajusment factor, fRT oo 100 o] oo 100 oo oo 1 oo oo 100 oo . )A.U/ deludl/Bua>91900 =l bgl&.l.” 395 Jdan —
Left-turn ped/bike adjusment factor, flob ooof 1000 oo ooof 1oof oo oo 10 o[ oo 100[ o0q) i
Right-tum ped|bike adjusment facor, fRpb ool 1000 oo oo 1oof ooo] oo 100 o[ oo 100[ o0q) ET=2 .85 —
Adjusted saturation flows (veh/h) cEI=2 o0
=50 fw.fHV.i fp.fob.fa.FLU.AT.RT.fLpb.fRob 1186761 1186761 1152346 1152346

ol Ggud! abolan) Asll Joall 8359 :13 JS&J
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SUPPLEMENTAL WORKSHEET FOR PERMITTED LEFT TURNS OPPOSED BY SINGLE-LANE

APPROACH
General Information
Project Description: |Sebha-Libya
Input

EB WB NB B

Cycle length, C(s) 75.00)
Total Actual green time for LT lane group, G (s) 0.00 0.00| 0.00 0.00
Effective permitted green time for LT lane group,g(s) 0.00 0.00| 0.00 0.00
Opposing effective green time, g0(s) 0.00 0.00| 0.0 0.00
Number of lanesin LT [ane group, N 0.00 O,UOI 0.0 0.00
Adjusted LT flow rate, vLT (veh/h) 0.00) 0,00| 000 0.00
Proportion of LTvolume in LT lane group, PLT 0.00 0.00| 0.00 0.00
Proportion of LT volume in opposing flow, PLTo 0.00 0.00| 0.00 0.00
Adjusted flow rate for opposing approach, v (veh/h), 0.00 0.00| 0.00 0.00
Lost time for LT lane group, tL 0.00) 0,00| 0.00 0.00
Computation
LTvolume per cycle, LTC 0.00 0.00| 0.00 0.00
Opposing flow per lane, per cycle, volc (veh/C/In) 0.00 O.DOI 0.00 0.00
Opposing platoon ratio, Rpo 0.00 0.00| 0.0 0.00
of 000 000] 000 0.0)
Opposing queue ratio, qro 0.00) 0,00| 0.00 0.00
o 000 000 000 000
o 000 000] 000 000
n 000 000 000 000
PTHo 000 000 000 000
Opposing lane utilization factor, fLUo 0.00 0,00| 0.00 0.00
voe 000 000 000 000
Sl 000 0.00] 000 000
Bl 000 000] 000 000
i 000 000 000 000
fmin 000 000 000 000
g 000 000 000 000
fiT=fm 000 000] 000 000

el Bgadl plolaz) Aaliell (aadl 339 :16 JS&1

SUPPLEMENTAL WORKSHEET FOR PEDESTRIAN-BICYCLE EFFECTS ON PERMITTED LEFT TURNS

Capacity and LOS Worksheet

General Information

Project Description: |Sebharl\bya
Capacity Analysis
bel 000 2000 000 000 2000 000 000 200] 000 000] 200 000
Phase type 000 1000 000 000 1000 000 000 1000 000 000 1000 000
Lane group
000 2000 000 000 2000 000 000 200[ 000 0Q0] 200 000
Adjust 000 95946 000] 000 95946 000 000 6858l 000 000 68581 000
Saturation flo ) 0.00] 1186761} 0.00) 0.00] 11867.61| 0.00 0.00] 11523.46| 0.00] 0.00] 11523.46| 0.00
\ 0.00] 5.61) 0.00 0.00 561 0.0 0.00 561 0.00] 0.00] 5.61] 0.00
Lost time, tL (s), tL=/1+Y-e 000) 56 000 000) 56 000 000 56 000 000 561 000
(¢ 000 2929 000 000) 2929 000 000] 2929 000] 000] 2329 000
Effective green time, 000 2929 0.00 000 2929 0.0 000 2929 0.00] 0.00]  29.29) 0.00
Green ratio, g/C 000 039 000 000) 039 000 000 039 000 000 039 000
Lane group capacity, ¢ 000 463470] 0.00] 000 463470] 000] 000 450030 0.00]  000] 450030 0.0
0.00) 021] 0.00] 0.0 0.21] 0.0 0.00 0.15] 0.00) 0.00] 0.15] 0.00
000 008 000 000 000] 000 000 000 000 000] 006 000
000V 000 000] 000 000) 000 000 000 000V 000
0.14
1.2
Critical flow rate to capacity ratio, Xc
Xe= (Y C)CY 017
Lane Group Capacity, Control Delay, and LOS Determination
EB WB NB SB
Platoon Ratio, Rp 0.00) 100 0.00] 0.0 100 0.00 0.00 100, 0.00] 0.00] 100, 0.00
fPA 000 1000 000 000 1000 000 000 1000 000 000 1000 000
P 000 039 000 000) 039 000 000 039 000 000 039 000
Lane group
000 2000 000 000 2000 000 000 200[ 000 000] 200 0.0
Adjusted flow 000 95946 000] 000) 9946 000 000 6858l 000] 000 68581 000
Lane group capacity, / 0.00] 4634.70) 0.00] 0.00] 4634.70) 0.0 0.00] 4500.30] 0.00] 0.00] 4500.30] 0.00
[cratio, c 0.00] 021] 0.00 0.0 0.21] 0.0 0.00 0.15] 0.00] 0.00] 0.15] 0.00
Total green ratio, 000 039 000 000) 039 000 000 039 000 000 039 000
Uniform delay, d1
000 1515 0.00 000 1515 0.0 000 1481 0.00] 0.00] 1481 0.00
Insremental delay calibration, k 000 050 000 000 050 000 000 050 000 000 050 000
Insremental delay, d2
0.00) 0.10] 0.00] 0.0 0.10 0.0 0.0 0.07] 0.00] 0.00] 0.07] 0.00
Initial queue 000 000 00O 000 000] 000 000 000 000 000 000 000
Uniform delay, d1 000 000] 00O 000) 000 000 000 000 000 000 000 000
0.00) 100 0.00) 0.00 100 0.00 0.00 100, 0.00) 0.00] 100, 0.00
000 15.26) 0.00 0.00  15.26) 0.0 000 14.88) 0.00] 0.00]  14.88) 0.00
0008 000 0008 000 0008 000 000 000
15.26 15.26) 14.88) 1488
LOS by appro: B B B B
Approach flow rate, vA (veh/h)) 959.46) 959.46) 685.81] 685.81
ti vt 1510

Intersection LOS

ol gl alolar) A8 Jaall 3859 114 K21

SUPPLEMENTAL WORKSHEET FOR PERMITTED LEFT TURNS OPPOSED BY MULTILANE APPROACH

AND RIGHT TURNS
General Information
Project Description: [sebha-Libya ‘ General Information
Project Description: Sebha-Libya
Permitted Left Turns
£8 L NB S8 Input
Effective pedestrian green time, gp () 29.29) 29.29 29.29 29.29) B WB NB B
Conflicting pedestrian volume, Vped (p/h) 100.00| 100.00| 100.00| 100.00|
Vpedg 25606 25606 25606 2560 Cyclelength, C|s) 50
0CCpedg 0.13| 0.13| 0.13| 0.13 Total Actual green time for LT lane group, G s) 29.29 29.29 29.29 29.29
Opposing queue clearing green, g (s) 12.2] 2.2 5.15) 5.15) Effective permitted green time for LT lane groupg(s) 29.29 29.29 299 29.9
Effective pedestrian green consumed by opposing Opposing effective green time, g0 s) 2.9 9.9 8.9 89
Z)eg!dedq“e“e 8;2) 8‘11(2) gﬁ gﬁ Number of anes in LT lane group, N 200 200 20 200
pedu . . . .
Opposing flow rate, v0 [veh/h) 95946 95946 685.81 685.81 Number ofanes nopposing approach, NO 200 200 200 200
ocr 0% 0% 00 00 Adjusted LT flow rate, VLT (veh/h) 0.00] 0.00 0.00) 0.00
Number of cross-street receiving lanes, Nrec 2.00) 2.00) 2.00) 2.00 Proportion of LTvolume in LT lane group, PLT 0.00 0.00 0.00 0.00
Number of turning lanes, Nturn 1,00 1,00 1.00] 1.00| Adjusted flow rate for opposing approach, vO (veh/h) 959.46 959.46 685.81 685.81
Apbt 08 038 097 097 Lost time for LT lane group, tL 5,61 561 561 561
Propotrion of left turns, PLT 0.00| 0.00| 0.00| 0.00| Computation
:Lr;bpomon of left turns using protected phase,PLTA 2$ T$ Tg li$ [Tvolume percydl, LTC o o0 o0 o0
Permitted Right Turs Opposing lane utilization factor, fLUo 0.95) 0.95) 1.00 1.00
Effective pedestrian greentime, gp (s) 299 29.29 29.9 29.9 Opposing flow per lane, per cycle, volc (veh/C/In) 105 1052 134 14
Conflicting pedestrian volume, Vped (p/h) 100.00| 100.00| 100.00| 100.00| of 23.681 23.68 23.68 23.68
Conflicting bicycle volume, Vbic (bicycles/h) 20.00| 20.00| 20.00| 20.00| Opposing platoon ratio, Rpo 1,00 1,00 1,00 1,00
Vpedg 5606 5606 5606 5606 Opposing queue ratio, qro 061 061, 0.61 0.61]
0CCpedg 0.13 0.13 0.13 0.13
Effective green, g (5) 2929 2929 2929 2929 & Ln un 515 515
Vbicg 5121 5121 5121 5121 g 561 561 561 561
0CChicg 0.04 0.04 0.04 0.04 voe 1009.96] 1009.96] 685.81] 685.81]
occr 0.16) 0.16) 0.16) 0.16) St 39855 398.55) 505.50, 505.50)
Number of cross-street receiving lanes, Nrec 2.00| 2.00| 2.00| 2.00| £ 377 377 276 276
Number of turning lanes, Nturn 1.00] 1.00 1.00 1.00 o 000 00 000 000
Apbt 090 090 090 090 -
Propotrion of right turns, PRT 0.00) 0.00) 0.00 0.00) fin 007 007 007 007
Propotrion of right turns using protected phase, PRTA| 0.00) 0.00) 0.00 0.00 fm 100 100 100 10
fRob 1.00) 100 100 100 LT 0.9 0.9) 0.9 0.9
Aol Goadl aloland duosluall Joall 43917 oAl ool Ggud) alolazd dayl Il Jaall 435915 Al
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