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M Interrupted traffic flow

= |ntersections
= Two-way STOP controlled intersections (TWSC)
= Roundabouts
= Signalized intersection

M Examples — urban streets (HCS 2010)
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Volume 2 — Uninterrupted Flow Facilities
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Volume 3: Interrupted flow

M Urban street segments and facilities
= Chapter 16: Urban street facilities
= Chapter 17: Urban street segments

M Intersections

= Chapter 18: Signalized intersection
Chapter 19: TWSC intersection
Chapter 20: AWSC intersection
Chapter 21: Roundabouts
Chapter 22: Interchange ramp terminal

M Off-street pedestrian an bicycle facilities
= Chapter 23: Off-street P&B facilities 4
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TWSC intersections (Ch. 19)

e,
g Limitations: isolated no traffic lights intersection
i i without affecting adjacent intersections at a distance

of at least 400m

HCM 2010 — TWSC intersections - Theory

Gap acceptance

B Availability and usefulness of gaps

B Relative priority of various movements at the intersection
B Measures are:

= Critical Headway — the minimum time interval in the major street traffic
stream that allows intersection entry for one minor street vehicle

Headway = front of 1% vehicle to front of 2™ vehicle
D EEEJ

Gap = back of 1* vehicle to front of 2™ vehicle

® Follow up Headway- time between the departure of one vehicle from
the minor street and the departure of the next vehicle using the same major
street headway

B Movements of different traffic flows at the intersection
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HCM 2010 — TWSC intersections

Priority of way

MAS — Major street
MIS — Minor street

121110

mm

Rank 1: through and right turn on MAS
and pedestrian through MIS

Rank 2: left and U on MAS and right from
MIS on MAS, pedestrians MAS
through on MIS(+) and left on
MIS(T)

Rank 4: left on MIS(+)

s
f 16 A
MAS ! s
13 Vo4
__ i A 4u
U - - = - = g%
1— 14 '
22— '
3 1
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HCM 2010 — TWSC intersections |
LOS criteri
. Control Delay LOS by Volume-to-Capacity Ratio
Automobiles (s{vehicle) v/cs1.0 v/c>1.0
0-10 A F
>10-15 B F
>15-25 C F
»>25-35 o F
>35-50 E F
=50 F F
Note:  The LOS criteria apply to each lane on 3 given approach and to each approach on the minor street. LOS is.
nat calculated for major-street approaches or for the intersection as a whole.
. Control Delay
Pedestrians s (s Comments
A 0-5 Usually no conflicting traffic
B 5-10 Occasionally some delay due to confiicting traffic
C 10-20 Delay noticeable to i but not i iencing
o 20-30 Delay noticeable and iritating, increased likelihood of risk taking
E 30-45 Delay approaches tolerance bevel, risk-taking behavior likely
F >45 Delay exceeds tolerance level, high likelihood of pedestrian risk taking

Mate:  Control delay may be interpreted as s/pedestrian group if groups of pedestrians were counted as opposed

to individual pedestrians.

Bicycle mode is currently being prepared by HCM.
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HCM 2010 — TWSC intersections — Methodology (automobile) “

1. Determine and label movement priorities

2. Convert movement demand volumes to flow rates

3. Determine conflicting flow rates

4. Determine critical headways and follow-up headways

IO Coordinated upstream signal present

5a.

Compute

potential YES
capacities

5b. Compute potential capacities
adj. for effects of upstream signals

Next steps

HCM 2010 — TWSC intersections — Methodology (automobile)

6. Compute Rank 1 movement capacities
7. Compute Rank 2 movement capacities

8. Compute Rank 3 movement capacities

9. Compute Rank 4 movement capacities

10. Final capacity adjustments
11. Compute movement control delay
12. Compute approach and intersection control delay

13. Compute 95th percentile queue lengths
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16.4.2015

3. Det. the confliction flow rates

Rank 4 — movements 7 and 10 — left from MIS

Phase I:
Stage 1 “ @ Two-lane major streets:
W—
1 L U, ;=20 40, +0.50, + v,
2 .
S 15 D U0 = 20, + 05 + 050, + 0,
T —
* e g Four-lane major streets: (Veh/h)
H
@1 | ¥ Pe—] v,,7 =20, + vy )40, +0.50, + v,
P o -1 Tepo = 2, + 0y )+ 054050, +v,,
e
19 12] |11 D L A
1w .
— Phase Il
4 £—r—— 14
*_ — 3 % Two-lane major streets:
— v
By K_,_‘-‘_, I P v,z =20, 405 +0.50, +0.50,, +0.50,, + v,
i 4u
e @;1 & 8 ‘9 Ve a0 = 20 + 0y +0.50, + 050, + 0.5, +v,,

Four-lane major streets:
U = 20, + vy, )+0.50, +0.50,, + 1,

U, a0 = 2(v, + 0y, )+ 050, +0.50, +v,,

11

HCM 2010 — TWSC intersections “

4. Critical headway

b =tepase FheuvPay + tcG—tyir ©

g
Adjustment factors:
- for heavy vehicles
Vehicle Movement Two Lanes Four Lanes Six Lanes - i i i
Lot turn from ma) ¥l T = 1-1 one IaneAm eachhd(yrecFloan\l/I:SS
Wturn from NA &sg_q'[‘mj 6 ] 2;2 or more in each direction
Right turn from minor 62 65 71 -for grade
] 1-stage: 6.5 T-stage:6.5 T-stage: 6.5% 0,1 -movements 9, 12
Through traffic on minor | 2-stage, Stage I: 5.5 2-stage, Stage I: 5.5 Z-stage, Stage I 5.5* 0,2 - movements 7, 8, 10, 11
2 1: 5.5 2-stage, Stage I: 5.5 2-stage, Stage II: 5.5%
1-stage: 7.1 1-stage: 7.5 I-stage: 6.4 - for geometry
Left tum from mingr 2-stage, Stage I: 6.1  2-stage, Stage I: 6.5 2-stage, Stage I: 7.3 - i i i
3 Sl el 3 Faci e 0,7 —left turn in three leg intersection
* Use caution; values estimated. S N 0,0 — other

12




16.4.2015

4. Follow-up Headway

—
;

tf,x =t pace + tf,HVpHV )

@)

@)

Base Follow-Up Headway, ;. (s)

Vehicle Movement Two Lanes Four Lanes Six Lanes =
Left turn from major 2.2 2.2 31
U-turn f ) 2.5 (wide)

rn from major NfA 3.1 (narrow) 23
Right turn from minor 33 33 39
Through traffic on minor 4.0 4.0 4.0 .
Left turn from minor 35 35 38 Adjustment factor:

- for heavy vehicles(s):
0,9 — 1 one lane in each direction MAS
1,0 — 2 two or three lanes in each direction MAS

13

HCM 2010 — TWSC intersections “

5. Compute potential cap.
if no upstream signal effects are present

2000

levo GPS.
— — desno 8PS

- naravnost SPS
----------- levo SPS.

2 pasovne ceste

1500

e_pf,xrr,x '{3)600

v, tp, /3,600
- g atfx

(veh/h)
1000

500

Mozna prepustnost, c,; (veh/h)

T for each movement
1500

Konfliktni prometni tok, v (veh/h)

T T
0 500 1000
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HCM 2010 — TWSC intersections “

6. — 9. Compute movement cap.

B Rank 2:

= Left on MAS, right on MIS: € =Cp;  (vehlh)
= Other: Coju =(Cp ) fru  (vehih)

= Special case:

____________ Gy -
N\ (D DTN 7,1 p){(]—

Y 1-x,,

} (veh/h)

15

10. Final cap. adjustment

= Shared capacity on MIS approaches

(veh/h)

= Compute flared MIS lanes effects

i camacimy

(veh/h)

¢ =Mi f1 L 1
o = Minf e 1+=00 e o1+
\ o J

3 v, ﬂ
H Ve
Cpla---, : . fg . :
: (Cx';' ~Csn }N +eg ifmg Smy
Q i H : - M
s i H Cp = ax

: Cop ifng >n,,,
-—(7) :rR

”R

P 16
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HCM 2010 — TWSC intersections “

11. Compute mov. control delay

{] ~ Py, )d.u.u [ T;:[l J

- N=1
Rank 1: dysy = Uit (s/veh)

(1 ~ Py, ]d.\u T N=1

) Control Delay L -
= (s/vehicle) v/cs1.0 v/c>1.0

A

B

C

D

E

F

0-10 F
s >10-15
>15-25
1 >25-35

F
F
F
>35-50 F

>50 F

m_/ Note:  The LOS criteria apply to each lane on a given approach and to each approach on the minor street. LOS is
- not calculated for major-street approaches or for the intersection as a whole.

= L

Control Dely (/veh)

(T=0,25 for 15 min)
N @ m o % we e wm o
Movement Flow Rate (veh/h)

17

13. Compute Queue Lengths

e &

Er 7
=

a0

weh

40

B

Expected Maimum Number of Vehicles in Oueue,

18
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HCM 2010 — TWSC intersections — Pedestrian - Methology “

1. Identify two stage crossing
(raised pedestrian median island)
2. Determine Critical Headway

3. Estimate probability of a delayed crossing
4. Calculate average delay to wait for adequate gap

5. Estimate delay reduction due to yielding vehicles

6. Calculate average pedestrian delay and
determine

19

HCM 2010 — TWSC intersections - Pedestrian “

2. Determine critical headway

- Single pedestrian L
t.= 5 +t (s)

P

1f=0,304 m

- Group of pedestrians
to=t+2N,~1) ©

8.0(N, -1)
w

&

spatial distribution of pedestrians N, = Int{ }H (pedestrian)

) ) ) v, e +ve )
field observation: platoon size N, = (pedestrian)
(v, +v)e

20
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3. Estimate prob. of delayed crossing

b v

Probability of a blocked lane Ph =1—¢ L

Probability of a delayed crossing P,=1-(1-B)"

4. Calculate average delay

Control Delay an

/ LOS __ (s/pedestrian) C t

A 0-5 Usually no conflicting traffic

B 5-10 Occasionally some delay due to conflicting traffic

C 10-20 Delay noticeable to pedestrians, but not inconveniencing

D 20-30 Delay noticeable and irritating, increased likelihood of risk taking

E 30-45 Delay approaches tolerance level, risk-taking behavior likely

F >45 Delay exceeds tolerance level, high likelihood of pedestrian risk taking

Note:  Control delay may be interpreted as s/pedestrian group if groups of pedestrians were counted as opposed
to individual pedestrians.

21

HCM 2010 — TWSC intersections - Bicycles “

B No methodology specific to bicyclist has been
developed

M Bicyclist may travel either as a motor vehicle or a
pedestrian

M Critical headway distributions have been
identified in the research for the bicycle crossing
two lane MS

B Multiple bicyclist often use the same gap in the
vehicular traffic stream.

22
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Using HCS 2010

Fle [dt View Repors Window Help

@] 2] & 2] nput Guick Jump =] [Report Guick Jump = &
TNy T

Eastbound Westoud Noskbound Souhbound

Lt | Thu | Righ | Len | The | Roht | Len | Thu | Mol | Lt | The | okt

Majer Stewst Derction [ Nedth-South -

usstont o Larms el Lisage
PHr P PHFHPH | PHFHPH RHFHFH
| Shaved | Shaved | Shaed | Shared | Shaed Shared | Shared | Shared
Right Tun | Rap T || Rk Tun | R Tian |
Flatond Mirast Somet Sgpmiunch ard Slisige
 Yes Suesge [1 0 FYer S [t | T smm [ T Ereveey
Madian Tepe

[re =] MedmSiompe [ | [Undated =] MednStmpe [T

Vorksheet 10-Delay. Jueue Length. and Level of Service

Homenent T T 7 ] 7 0 I 1 ¥3
Lane Config 1Tk LTR LTR 1TR
v [wph) an ] 150 150
~(m) {vph) 1044 1049 2m 210
1 e 0,03 003 075 omn
95X gueus length 0.0% 0.0% 4,96 4. 64
- Comtrol Delay L 8.5 &l.9 £8.2
e 105 i i F F
hpproach Delay 61.9 56.2
Approach L0S F F

Vorkshest 11-Shared Major IT Tapedance and Delsy

Hevennn t Hovearn ts
FGH 097 0.7
wizl), Volume for stresm 2 or § EEL] 180
w(12). Voluwe for stresm J or & 50 50

: [DHAGD SEVER]

Roundabouts (Ch. 21)

Intersection with general
circular shape, characterized
by yield on entry and counter
clockwise circulation around a
central island.

24
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HCM 2010 — Roundabout — Theoretical basis “

M Flows required for analysis:
= Entry flow rates,
= Conflicting flow rate
= Exit flow rate

1,400

1,200

1,000 \“° :

\ Capacity of one-lane e1]

E \ {two-lane entry against
800
E N Capay
z \
E 600 ™~
I
a0 : : ol SR Cpe = A7 (pcih)
Capacity of one-lane or either |ane of twg” . pee
lane entryy against ane conflicting lane
200 A 3,600 p_ t -ty /2)
- t; 3,600
o Dashed regression beyond the data | | ‘
0 200 400 600 800 1000 L200 1400 L1600 1800 2,000 tf ... critical headway

Conflicting Flow Rate (pc/h)

tc ... follow-up headway

HCM 2010 — Roundabout — Methodology - Automobile

1. Convert movement demand volumes to flow rates

2. Adjust flow rates for heavy vehicles

3. Determine circulating and exiting flow rates

4. Determine entry flow rates by lane

5. Determine the capacity of each entry lane and
bypass lane (pc/In)

6. Determine pedestrian impedance to vehicles

16.4.2015
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HCM 2010 — Roundabout — Methodology - Automobile

7. Convert lane flow rates and capacities into veh/h
8. Compute v/C ratio for each lane

9. Compute the average control delay for each lane
10. Determine for each lane on each approach

11. Compute control delay and determine for
each approach and the roundabout

12. Compute 95th percentile queues for each lane

27
HCM 2010 — Roundabout '
3. Determine circulation flow rate
Uengpee = Uwau,pee ¥ UsLpee ¥ Usupee + VBT pee T Vs pee + Vs pee  (PC/N)
28

16.4.2015
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HCM 2010 — Roundabout “

3. Determine exit flow rate

v(’.‘(,pﬂ‘ = UNBU,pﬂ' + i:’.'11-'\"31'_,,pce’ + vSBT,pcr + Uf;‘b’R,p(\' _UEBR,pﬂ‘,bypﬂsﬁ (pC/h)

29

HCM 2010 — Roundabout “

4. Determine entry flows for lanes

Case Assumed Lane Assignment Left Lane Right Lane
1 L, TR Uy *+ T, Vp* Vg,
2 LT, R Uy g g
3 LT, TR (%LL)v, (%RL
4 L, LTR (%L LI, (%R
5 LTR, R (%LLJv (%RL)v

Notes: vy ¥, Ve, and v, are the U-tum, left-turn, through, and nonbypass right-turn flow rates using a given

entry, respectively,
L = left, LT = lefi-through, TR = through-right, LTR = lef—through-right, and R = right.

Lane Configuration %o Traffic in Left Lane” %, Traffic in Right Lane”
Left-through + through-right 0.47 0.53
Left-through-right + right 0.47 0.53
Left + |:FL—U|ruuHh—|ith 0.53 0.47

Mates:  * These values are gensrally consistent with obssrved values for through movements at signalized
intersections. Thess values should be applied with care, particulardy under conditions estimated to be near

capacity.
210 -*
290 — o 2Tt
130 = 420 =
210 500
130 =y
130 = 30

16.4.2015
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HCM 2010 — Roundabout — Theoretical basis “

. .
5. Determine the capacity
1,400
1,200
1,000 \“ .
\ Capacity of one-lane
E \ ‘two-lane entry again:
g 800
> \\\< s
e
]
g 600 =
: NSl
pd g o (_ -3 }u
400 - = 1.0x10 (pc/h)
Capacity of one-lane or either |ane of twa” ~ o — c.pee
lane entry against ane conflicting lane C(’, pee ]"']' 30€
200
o Dashed regression pol beyond the data
0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000 3 1
Conflicting Flow Rate (pc/h)

HCM 2010 — Roundabout “

2 entry lanes — 1 circ. lane

1,400 ]
1,200
1,000 \" T
- \ Capacity of one-lane entry or rig
5_ \ two-lane entry against two conflij
g 800
~ k= Capacity of left
_é' against two ¢
o
8 600 = e
3 N
~———
400 =
Capacity of one-lane or either |ane of two- N - ‘
lane entry against ane conflicting lane =
200 ( 3
-1.0x<10?p_ .. (pc/h
8, poo = 1,302 eae - (PC/N)
; Dashed regression extrapolated beyond the data
1 u T u 1
0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000

Conflicting Flow Rate (pc/h)

32
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HCM 2010 — Roundabout

1 entry lanes — 2 circ. lane

l

1,400
1,200
1,000 \'* 4

\ Capacity of one-lai

\ two-lane entry ag
800 N \Q
\ B 4‘

mm

LB

Capacity (pc/h)

SIS T

400 5 .
Capacity jof one-lane or either lane of two” {78

200 Ct’ e

lane entry against one conflicting lane — 1 ]306(—1-0*10 “}U{_M (pC/h)
’

5 Dashed regression polated beyond the data ‘ | ‘

0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000
Conflicting Flow Rate (pc/h) 33
HCM 2010 — Roundabout “
.

2 entry lanes — 2 circ. lane

1,400

1,200

1,000 \'° .

\ Capacity of one-lane en
E \ two-lane entry against 1
g 8o N \Q =
~ Aac
%' \ / again:
g 600 “\
3 \\, LT | 1 T
A ~0.7x107 o,
e Capacity of one-lang or either |ane of twg” L C, Ry = 1,1308{ -0 )'"--"‘" (pc/h)
lane entry against ane conflicting lane Caliof
200 —0.75x10* |
Cotpee = 1,130 0710 b (POIM)
- Dashed regression extrapolated beyond the data
0 200 400 800 800 lllltlﬂ ],2”(] 1,4!}{1 1,6“" 1,8(!{1 Z,KMJII

Conflicting Flow Rate (pc/h)

34
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Yielding bypass lane

Terminates at a high angle -
yielding to exiting traffic

Capacity approximated

using the appropriate single lane
(1x1) or multilane (1x2)

capacity formula

=1,130¢"910 ke (porn) ?I |

bepass,pce

Treat the exiting flow from |
the roundabout as the ‘
conflicting flow

35

Non-yielding bypass lane

Merges at a low angle with exiting traffic or forms a new lane
adjacent to exiting traffic

Capacity is expected
to be relatively high
due to a merging
operation between
two traffic streams
at similar speeds.

Accelaration Taper length
length based on AASHTO guldelines
I I 1

36
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HCM 2010 — Roundabout “

Entry capacity adjustment factor, fi.,

6. Pedestrian impedance to vehicles

1.00 s T, IE— e

For 1 lane entry:

One-Lane E Caj ustment Factor for Pedestrians

If Vg ? 851 fw -1
Else if
n. <101 e =1-0.00013711_,

_L1195-07150, ,, - 0.644n,, +0.000730, 1,
Else = 1,068.6 - 0.6540,

1] 100 200 300 400 500 600 700 800 900 1,000
Conflicting circulating flow (pc/h)

37

HCM 2010 — Roundabout “

Entry capacity adjustment factor, fuq

6. Pedestrian impedance to vehicles

1.00
095 i
|
0.90 |
. . |
Estimation for 2 lane entry:
QP Case Two-Lane Entry Capacity Adjustment Factor for Pedestrians
If [ = y - 3
0.85 ® n,, <100 f_ =min| 1ot 41,2606 -03290. ., ~0.381x100 1
! b [ 100 1,380 -0.50,
1,260.6 -0.329v, . —0.381 1
Ese f., =min Ve pec et 1
’ 1,380-050, |
0.80 - . — . —- |
0 200 400 600 800 1,000 1,200 1,400 1,600 1,800
Conflicting circulating flow (pc/h) 38

16.4.2015
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HCM 2010 — Roundabout “

7. Convert lane flow rates into veh/h

U =0 peefuv,e  (vehin) ;= Ci,PCEﬂfV,efped (veh/h)

heavy vehicle adjustment factor

fw - fH’V,LIvU.PCE + fHV,LvL,FCE + flﬂ",’?'vi'.PC!f + fHV,R,rvk,r,PCE
HV 2

Uupce + U pce + Ut pee + Ukepce

39

HCM 2010 — Roundabout “

8., 9. v/C and compute average delay

(3,600}(
. _ 3,600 N C B .
x, =— duT+900T -1+ (x—1)2+—4-5F +5xmin[x,1] (s/veh)

Capacity = 400 veh/h 800 veh/h 1200 veh/h 1600 veh/h 2000 2400

60 | I I I I v?h;’h veh/h
Control Delay LOS by Volume-to-Capacity Ratio’

(s/veh) v/cs1.0 v/c>1.0

0-10 A F
>10~-15 B F
»15-25 C F
>25-35 D F
>35-50 E F

>50 F F

Note:  “For approaches and intersectionwide assessment, LOS is defined solely by control delay.

* e e T
o

o 400 500 1200 1600 2000 2400

Entering flow (veh/h)

Note: Assumes T=0.25 h 40

16.4.2015
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11. Delay and LOS — approach, int.

d _ dLLULL + dRLvRL + dbypassvbypas&
approach — (s/veh)
ULL + URL + vbypass

T
dintersectlon - (siveh)
2.0
Control Delay LOS by Volume-to-Capacity Ratio’
(s/veh) v/es1.0 v/c>1.0
0-10 A F
>10-15 B F
>15-25 G F
>25-35 D F
>35-50 E F
=50 F F

Note:  “For approaches and intersectionwide assessment, LOS is defined solely by control delay.

41

HCM 2010 — Roundabout “

12. Queues length for each lane

e &

by =
7 A

]

weh

40

Expected Maimum Number of Vehicles in Oueue,

A
‘ [ [3,@0}(
=900T] x—1+1/(1-x) g —£ | (voz
2 Qs * +\( A 150T (3,600 (voz)
1 I
0 [I}:] 1.0 1.2 14

42
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Using HCS 2010

HCM 2010 — Signalized intersections

16.4.2015
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HCM 2010 — Signalized intersection — Theoretical basis

Analysis boundaries
Methodology is valid for isolated signalized intersections.
1500 m — 5’000 — s N
3
Intersecti b |
% 4,000 is e;fimvg?y?;oﬁzgm"fn Isolated i midsegment
g, access is significant.
1000 m @ 3,000
8 |
% 200 ‘ " Intersection or segment
m | is not isolated.
300 m 8 1,000 |
=
= 25 30 35 40 45 50 55
Speed Limit (mi/h)
40 60 90 km/h
45

HCM 2010 — Signalized intersection — Theoretical basis

Driving through sem. intersection

AT — / //‘/7/ Operational state
of traffic is defined
by:

¢ Volumes and flow rates;

sl
|

JL
0

e Sat. flows and departure
headways;

Control variables;

Gaps available and
conflict traffic streams;

gl ¥

R

Time scale ——

f ] ! "mmi erval
CrfeR il PRI e Control delay
Cycle length |

Distance scale

46
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HCM 2010 — Signalized intersection — Theoretical basis

Impacts of signalization

‘/Slnpllﬂe
(Sleeeseees (&) (W) (N
Vehicle headways: =) [
h h h h+ty h+t; h+t; h+t; |
|
fh = saturation headway (s)
5 = saturation flow rate = 3,600// (veh/h/In)
L t, = start-up lost time for /th vehicle
:_‘ /, = total start-up lost time = 2 £,
il
Saturation flow rate (s) is a max. g ¢
number of vehicles per hour per lane, b t
. . . @
which can pass through intersection. T l,} Ir
4
h [—* L e .

L L L L L L O L L L L O e e '
12 345 67 8 91011 121314 1516

Vehicle position in queue

HCM 2010 — Signalized intersection — Theoretical basis

Delays

e Control delays: by the presence of
traffic controls (MOE for LOS)

e Geometric delays: caused by
geometric features causing vehicles for
reduce speed

e Incident delays: additional travel time
experienced as a result of an incident

e Traffic delays: resulting from
interaction of vehicle, causing driver reduce
speed

e Total delays: sum of all mentioned
delays

Delay

Cycle length

48
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HCM 2010 — Signalized intersection — Theoretical basis

What is new in HCM 2010

1. The model has been set up to handle actuated signal
analysis directly.

2. The estimation of delay is partially modeled using
Incremental Queue Analysis (IQA) which allows a more
detailed analysis of arriving and departing vehicle
distributions.

3. The definition of lane groups has been altered. Lane
groups are identified and separately analyzed.

“This presentation focuses on the analysis of pretimed signals
because it is more straight forward to present basic modeling theory
for fixed time signals.”

49

HCM 2010 — Signalized intersection — Theoretical basis

Conceptual framework

Five fundamental concepts:

The critical lane group concept

The v/s ratio as a measure of demand

Capacity and saturation flow rate concepts

Level-of-service (LOS) criteria and concepts

Effective green time and lost-time concepts

50
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HCM 2010 — Signalized intersection — Theoretical basis

a. The Critical-Lane Group Concept

Critical lane analysis compares actual flow (v) with the

; . - 4 Exclusive right- or left-
saturation flow rate (s) and capacity (c) in a single

turn lanes must be

lane. separately analyzed
Critical lane group analysis compares actual flow (v) because they are
with the saturation flow rate (s) and capacity (c) in a separate lane groups.

group of lanes operating in equilibrium.

Lane utilization is
. . . . considered in computing
In either case, the ratio of v to c is the same. This saturation flow rate.

applies to shared lanes, also.

51

HCM 2010 — Signalized intersection — Theoretical basis

b. The v/s ratio as a measure of demand
c. Capacity and sat. flow rate concepts

A key part of the HCM 2010 model is a methodology for estimating the
saturation flow rate of any lane group based on known prevailing traffic

parameters:
s;=s,NJ [ f;
i

We may not be able to compare directly lane groups because their
conditions are different. So HCM use the flow ratio, v/s, a dimensionless
value for comparison purposes - “normalization.”

52
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HCM 2010 — Signalized intersection — Theoretical basis

The capacity of each lane group:

= Demand does not necessarily peak at all G =5
approaches at the same time.

o_|§:

= Capacity may change for each approach
during the day - like the effect of curb side
parking, bus blocking, etc.

= Capacity is provided to movements to
satisfy movement demands.

53

HCM 2010 — Signalized intersection — Theoretical basis

The v/c ratio = “degree of saturation”

Computation of a v/c ratio (degree of saturation) for a given lane

group:

Vi Y _vi/s

I Ci S-& gI/C
'C

<+ Flow ratio/Green ratio

The critical v/c ratio for the intersection = defined as the sum
of the critical lane group flows divided by the sum of the lane
group capacities available to serve them:

C
X, = Z(V/S)ci —L

C-
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HCM 2010 — Signalized intersection — Theoretical basis

Computation of a v/c ratio for an intersection as a whole:

= |f the critical v/c ratio is less than 1.00, the cycle length, phase plan, and
physical design provided are sufficient to handle the demand and flows
specified.

= But, having a critical v/c ratio under 1.00 does not assure that every
critical lane group has v/c ratios under 1.00. When the critical v/c ratio is
less than 1.00, but one or more lane groups have v/c rations greater than
1.00, the green time has been misallocated.

* If the X_> 1.0, then the physical design, phase plan, and cycle length
specified do not provide sufficient capacity for the anticipated or existing
critical lane group flows. =» Do something to increase capacity:

= (1) longer cycle lengths (less number of cycles, less lost time),
= (2) better phase plans (improved LT treatment), and

= (3) add critical lane group or groups (meaning change approach
layouts =» increase capacity) 55

HCM 2010 — Signalized intersection — Theoretical basis

d. LOS criteria and concepts

= All the HCM delay models assume random arrivals. Hence, the
delay model produce delays for approaches with random
arrivals. Urban signals are coordinated - many do not have
random arrivals. This is corrected by the “quality of progression”
factor called “Arrival Type” factor. There are 6 arrival types: 1 =
poor coordination, 6 = exceptionally good coordination.

= For signalized intersections, v/c has no a direct connection with
the performance of the facility — especially when delay is used as
the MOE.

v You may get LOS=F even if v/c is well below 1.0. For instance LT
vehicles may have a long stopped delay even if its v/c is low..
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HCM 2010 — Signalized intersection — Theoretical basis

The 2010 HCM uses “total control delay” consisting of time
in gqueue delay + acceleration - deceleration delay

Control Delay (s/veh) ;1_0 l >I1.0
<10 A F
>10-20 B F
>20-35 Cc F
>35-55 D F
>55-80 E F
>80 F F

Note:  ? For approach-based and intersectionwide assessments, LOS is defined solely by control delay.

Because delay is difficult to measure in the field and because it cannot be
measured for future situations, delay is estimated using analytic models.
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HCM 2010 — Signalized intersection — Theoretical basis

e. Effective green times and lost times

A
B
C
D
A. Actual signal indications
B. Actual use of green and yellow; |2 =Y -e
e is extended green, i.e. part of the yellow used as green Y=y+ar
C. Losttimes/, and /, are added and placed at the beginning t =1 +1
L=hTh

of the green for modeling purposes

n
D. Effective green and effective red L= Ztl-i
i-1

I; = 2 sec/phase
Default by HCM2010
e =2 sec/phase

58
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HCM 2010 — Signalized intersection — Theoretical basis

Effective green times and the application of the lost times:

= HCM delay models use “effective green time” and “effective red time.”

= HCM 2010 models assume that all lost times happen at the beginning
of the phase.

Phase 1b Phase 1c Phase 2

Phase 1a
_ * N
9; =G +y,+ar -l -, / ool 2 N 4
g.= G-I +e ): 7 ¥ Y%\ l
i i 1 .T' A
r=C-g =
® Start-up lost time applied

A Clearance lost time applied

Watch out where t, takes place, especially when an
overlap phase exists. That's where you must add y
and ar in the phase section of the HCS input module.
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HCM 2010 — Signalized intersection — Theoretical basis

Pretimed phase duration

Several aspects:

» to equalize the volume-to-capacity ratios for critical lane
groups. the green time is allocated among the various
signal phases in proportion to the flow ratio of the critical

lane group for each phase;

= to minimize the total delay to all vehicles;

= to equalize the level of service for all critical lane groups.
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HCM 2010 — Signalized intersection — Theoretical basis

Pretimed phase duration — cycle length

1. Compute the flow ratio [= vi/(Nsi)] for each lane group and identify
the critical flow ratio for each phase. When there are several lane
groups on the approach served during a common phase, the lane
group with the largest flow ratio represents the critical flow ratio for
the phase.

2. |If signal-system constraints do not dictate the cycle length, then
estimate the minimum cycle length by setting Xc equal to 1.0.

LX, L — cycle lost time (s),
= X _Z Y, | (s) Xc —critical intersection volume-to-capacity ratio
5 S y — critical flow ratio for phase

C

i€ai
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HCM 2010 — Signalized intersection — Theoretical basis

Pretimed phase duration — cycle length
3. Calculate the target cycle length C2 —>Xc=0,8-0,9
4. Select an appropriate C for the signal from Step 2 and 3.

5. Estimate the effective green time for each phase with and
the target volume-to-capacity ratio.

g

v o C
TR I bl L _
L N;‘ 5 X;‘ {NSJE{XJ (s) o [C _L] zycﬁ

icai

6. Check the timing to ensure that the effective green time and the lost
time for each phase in a common ring sum to the C.

62

16.4.2015

31



HCM 2010 — Signalized intersection — Methodology (automobile)

1. Determine movement group and lane group

2. Determine movement group flow rate

3. Determine lane group flow rate

4. Determine adjusted saturation flow rate

5. Determine proportion arriving during green

7. Determine capacity and v/C ratio

yes

8. Determine delay
9. Determine

10. Determine queue storage rate

For actuated only

6. Determine signal phase duration

63

HCM 2010 — Signalized intersection “

1. Determine MG and LG

Rules to determine movement group on approach (1 — 3 MG on approach):

lanes should be designated as MG,

Rules to determine lane group on approach (1 — more LG on approach):
= Exclusive left (or right) turn

= Turn movement that is served by one or more exclusive lanes and no shared

= Any lanes not assigned by the previous rule should be combined into 1 MG.

lane is separate LG of Coneg | Movements by Lanes ¢ ar (O]
= Any shared lane should be 1 [ e, s —< | e —< | wn et
designated as separate LG et —— | wer —" | wer | —A
= Any lanes that are no exclusive N RO —_— e | —
turn or shared should be P} s | A
combined into one LG e —< |7 TN e —
] = =
3 m — | ven o 133 prm—
[Thew. & right: -—-—? ﬁ: LG 3: -——?
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HCM 2010 — Signalized intersection '

4. Determine adj. sat. flow rate
$=8, fu fuv fgfpfbbfafLU fLTfRTprbepb (veh/hfIn)

so = base sat. flow rate — 1750 — 1900 veh/h/In

fw = for lane width (10-12.9ft=1;3—-4m) 100

fiv = for HV in traffic stream fw =007 Py (E; 1) P

fg = for approach grade ¢~ 7200
N-01-

fo = for existence of parking lane and activities fommm 20 N-

fon = for clocking effect of local buses fo=— -

fa = for area type (CBD = 0.9)

fu = for lane utilization (1 shared or exclusive lane = 1)

fir = for left turn vehicle presence in LG (geometry) fir=—

far = for right turn vehicle presence in LG (geometry) f,. = 1

fipb = for pedestrian impact into LT groups Eq

frob = for pedestrian and bikes impact into RT groups
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HCM 2010 — Signalized intersection

8. Determine delay

d — control delay (s/veh)
d= d] s d2 4 dq (siveh) d1 — uniform delay (s/veh)
: d2 — incremental delay (s/veh)
d3 —initial queue delay (s/veh)

A -

Control Delay (s/veh) <1.0 >
<10

>10-20

>20-35

>35-55

>55-80
>80

Note:  “For approach-based and intersectionwide assessments, LOS is defined solely by control delay.

T - vy “vqy

=
=}

TMOOm>
e B e e B |
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HCM 2010 - Signalized intersection - Pedestrian '

Pedestrian areas in intersection

Pedestrian Space {7!‘{9) Description

=60 Ability to move in desired path, ne need to alter movements
>40-60 Occasional need to adjust path to avoid conflicts
>24-40 Frequent need to adjust path to avoid conflicts
>15-24 Speed and ability to pass slower pedestrians restricted
>8-15 Speed restricted, very limited ability to pass slower pedestrians
=8 severely restricted, uent contact with other users
7 Sow B Mg Sirest 4 S ® Maer St
— A
- “
’ Z
‘/1’.-’//)’///!‘///_, ________________________ A
LIS AL, f,// _____ —
' — v — Sy
' Ty
W, ' - §
- ",

Minor Sireel

HCM 2010 — Signalized intersection — Methodology - Pedestrian

1. Determine street corner circulation area

2. Determine crosswalk circulation area

3. Determine pedestrian delay

4. Determine pedestrian for intersection

5. Determine
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HCM 2010 — Signalized intersection - Pedestrian

4. Determine LOS score

I pint = 05997 + F, + F, + F, + Fde]ay
0.514
Fw = cross section adj. factor F, =0.681 (Na] 0.25
2 3,
LOS LOS Score ¢
Fv = motorized vehicle adj. factor F, =0.005 A <2.00 1946]
B >2.00-2.75
C >2.75-3.50
Fs = motorized vehicle speed adj. factor F; =0 D >3.50-4.25
E >4,25-5.00
F >5.00
- 2
Faelay = pedestrian delay adj. factor Fyay =0.0401 In(d,, ) d, (€~ Buam)”
2C
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HCM 2010 — Signalized intersection — Methodology - Bicycles

1. Determine bicycles delay

2. Determine for bicycles

5. Determine
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HCM 2010 — Signalized intersection - Bicycles

2. Determine bicycles LOS score

I, ,,=41324+F +F,
Fw = cross section adj. factor F,=00153 W, -0.2144 W,
W — curb to curb width of the cross street (ft)
W: — width of bikes lane or shoulder outside through lane W, =W, +W, + I, W'

Ik — indicator for on street parking occupancy (0 or 1)
Fv = motorized vehicle adj. factor F, = 0.0066 Op* 0y + 0
v — volume flow rate (veh/h) th
Nt — number of through lanes

LOS LOS Score
<2.00
>2.00-2.75
>2.75-3.50
>3.50—4.25
>4.25-5.00
>5.00

MmO O @>
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HCS 2010- Street: Operational (LOS), Design (LOS, N)

Cusue Service Time (), §
Cytie Cutws Claarance Timd g:). 3
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Conclusion '

B Questions?

THANKS FOR YOUR ATTENTION!

Drago.Sever@UM.SI
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