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Project Objectives:

m Develop improved methods for capacity and
quality of service analysis of interchange
ramp terminals.

= Revise Chapter 26 of the HCM 2000 to
address a full range of interchange types.

= Consider planning, design and operational
procedures.
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Project Status and Next Steps

m Draft Final Report and Revised Chapter
nave been submitted to the NCHRP panel

m Panel comments will be addressed and the
—inal Report will be submitted by March
315t 2005.

= Chapter to be reviewed by ICRT and
HCQOS.
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Agenda ltems:

m Chapter Review:

¢ Final Design and Operational Analysis
(Methodology, Applications, Examples)

¢ Planning and Preliminary Design
(Methodology, Applications, Examples)

m Software development plans by McTrans
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Project Overview:

m Phase | — Started June 2001, completed February
2002

o Tasks1— 4

® Phase Il — Received notice to proceed April
2002, to be completed by September 2004

e Tasks5—-9

= Quarterly reports submitted and feedback
recelved from the panel.

m Presentations at each HCQS meeting to the
HCQS/Interchange Subcommittee (starting July
2001), including two previous committee-wide
workshops.
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Chapter 26 Outline:

® Introduction

= Methodology

¢ Final Design and Operational Analysis
¢ Planning and Preliminary Engineering
= Applications

= Examples

= Appendix A — Timing Considerations for
Signalized Two-Intersection Interchanges

= Appendix B — Traffic Simulation for the Analysis
of Signalized Interchanges

= Appendix C - Worksheets
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Chapter 26, Part I: Introduction

m Scope of the Chapter
= Limitations of the Methodology
m Types of Interchanges
+ Two Intersection Interchanges
¢ SPUIs

= Types of Analysis
¢ Final Design and Operational Analysis
¢ Planning and Preliminary Design
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Conventional, D >800 ft
Compressed, D =400-800 ft Diamond with continuous
Tight Urban, D <400 ft frontage roads

Diamond with U-turn Split diamond interchange
lanes and service roads (cross roads, one- or two- way)

T

T

Partial (half) diamond Three-level diamond
interchange interchange
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Parclo A, 2 Quadrants Parclo A, 4 Quadrants

Parclo B, 2 Quadrants Parclo B, 4 Quadrants

Parclo AB, 2 Quadrants Parclo AB, 4 Quadrants
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EXHIBIT 26-4. ILLUSTRATION AND NOTATION OF ORIGIN-DESTINATION
DEMANDS AT AN INTERCHANGE

EXHIBIT 26- 7. LANE UTILIZATION FOR THE EXTERNAL THROUGH MOVEMENT

Parclo AB-2Q Interchange
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®= Queue presence In the internal link, and the
effects of distance between the two
Intersections.

= Demand starvation potential.

EXHIBIT 26-8. DEMAND STARVATION AT THE INTERNAL LINK OF A DIAMOND
INTERCHANGE
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EXHIBIT 26-10. LOS CRITERIA FOR EACH OD OF AN INTERCHANGE

Level of Service Delay (s/veh

If for any of the lane groups within
the OD:
vic>1.0
OR
Ra>1.0

EXHIBIT 26-9. ILLUSTRATION OF THE LOS CONCEPT AT A DIAMOND
INTERCHANGE

Ve X @omree Voo X,
Dela}r for ()D H - [ FETH FETH WE BL /
Visre T Vs
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Chapter 26 — Methodology: Final Design and
Operational Analysis

EXHIBIT 26-11. INTERCHANGE RAMP TERMINALS METHODOLOGY:
FINAL DESIGN AND OPERATIONAL ANALYSIS

Input Parameters
Geometric
Traffic
Signal

One Intersection? Two Intersections?

OD Flow Rates and OD Flow Rates and
Movement Flow Rates Movement Flow Rates
are Identical are Different

0T Flow Rates . Alnvement Flow Rates
Volume Adinstment Volume Adiostment

Saturation Flow Rates
Basic Equation
Adjustment Factors

Queune Length for Internal Links

Effective Green Adjustment

Capacitv and V/C

Performance Measures
Delay
Quene
LOS
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LANE UTILIZ MODELS THE EXTERMAL ARTERIAL
5 O . NTERCHANGES
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B
-
]
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COMNFIGURATIC
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Traffic volime, Movamant Type
Veml Through & Right-Tum
30
6.0
]

150
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Additional Lost Time on tha Extarnal Artarial Approach:

il

I, =0, -0106¢D0, -335%=

r 1

Additional Lost Time on the Eamp Approach:

r'I|'|'
=G 010600, -3 '=iEi*"'r_f:
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Quzusz at the besmnine of the upstraam arterial phasz A:

—2 - 0.0820L,_+0.194G,

ta-

These are multiplied by the average vehicle length, in ft,
(default value recommended is 25 ft) to obtain the distance
from the stop line to the end of the queue
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x C {OL D~ fi. ]
x 3600 h,
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Adrtarial approaches: t1'=1; A+ Y-z (26-14)

Flaamp approaches: =1, Tl (26-15)

Intamal Approachas:
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m Average Queue Storage Ratio for each lane

group
= Vv/c for each lane group

= Average Control Delay for each lane group,
and for each Origin-Destination (the
welghted average of lane group delays)

= | OS determination based on Origin-
Destinations
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Chapter 26 - Applications

R FIMAL DESIGM AND

1. hterchange |

Gplon A OpknE

Tuming
am 00

4. wialume Adjustment
5. Lane Lkilization

4. Saturation Flow Fate

B. heraps Calculation

[ Dptional, O
Diamond
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Types of Interchanges Analyzed
Using the Final Design and
Operational Analysis Method:

Single-Point Urban Interchange (SPUI)

Diamond Interchange (TUDI)

Partial Cloverleaf A - 4 Quadrants (Parclo A 4Q)
Partial Cloverleaf A — 2 Quadrants (Parclo A 20Q)
Partial Cloverleaf B — 4 Quadrants (Parclo B 4Q)
Partial Cloverleaf B — 2 Quadrants (Parclo B 2Q)
Partial Cloverleaf AB-2 Quadrants (Parclo AB 2Q)
Partial Cloverleaf AB-4 Quadrants (Parclo AB 4Q)
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INPUT WORK SHEET

Diamond Interchange

-l
Arterial
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The Qu estion
What are the control delay, queus-storzge ratio znd LOS for 2ach O-D movement?

The Facts

Y All lane widths zre 12 £t

Y Percent of heavy vehicles 15 3 %% for 2l externzl and mtema] through movements. All
other movements have 0% heavy vehicles

% Both freeway ramps (I-9%) have two-lane approaches

“ INB and 5B grade = -2 %, EB and WB grade = 0%

 The distance between the two mtersections 15 D=400f

Y Left tummg radms from the arterizl 13 75 ft, from the ramp 1z 30 ft

* Faght tummg radms 15 30 £t for all approaches

v PHF = 0.97 for all approaches

Y Arrval Type 4 for coordmated lane groups (EB/WE mtemal threugh zpproaches)
Y Arrival Type 3 for 21l other approaches

% Platoon Ratio Ep=1.333 for the coordmated lane groups

Y Losttime 15 2 s2¢ for each phase

Y Cycle length 13 80 sec

Y Offzetis 0 sec

* Pre-timed contrel at both mtersections

 Wo pedestrians or bicycles zt the mterchange
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DIAMOND INTERCHANGE OD AND TURNING MOVEMENT § WORKSHEET (2- B)
OPTION B — OBTAIN TURNING MOVEMENTS FROM QD
Output

QD Yaolume
Movement (vehh) Turnmg M-u_n.er-Pnt

oD Volume Turnina Ma " oD Yolume
Movement (vehih) uring Mavemen Mo u..'n-mn-nt Il.-'n-'hlhl
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DIAMOND INTERCHANGE VOLUME ADJUSTMENT WORKSHEET (4)
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ME UTILIZATION AND SATURATION FLOW RATE
WORKSHEET (5)
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Intersection |
o1
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NnStream
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DIAMOND INTERCHANGE LOS DETERMINATION WORKSHEET (10)
Control Delay for OD Movements and LOS Dertermination
0D Movement | ° ”EE'F':'"EE'IE:”E;"EEE':E yEmems far Dalay Caleulstion LOS
A [MB — L) and (WB INT — TH) 9.95 A
B (MB — R) 128.24 F
C (5B -R) 30.11 B
D (SB — L) and (EB NI - TH) 171.26 F
E (EB EXT — TH) and (EB INT - L) 220.69 F
F [EB EXT-R) 247 .65 F
G WEB EXT-R) 126.33 F
H (WEB EXT — TH) and (WB INT — L) 104.71 F
| (EB EXT — TH) and (EE INT - TH) 110.50 F
J (WE EXT — TH) and (WB INT - TH) 55.86 F
it (MB — THj - )
L (5B — TH) - -
M (MB — L) and (WB |NT — L) - -
M (SE — L) snd (EB YT - L) - -
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Chapter 26 — Methodology: Planning
and Preliminary Design Analysis

Methodology based upon:

Bonneson, J., Zimmerman, K., Jacobson, M.,

Review and Evaluation of Interchange Ramp

Design Considerations for Facilities Without

Frontage Roads

Texas Transportation Institute, Texas A&M

University System, College Station TX,

September 2003.

Sponsored by the Texas Department of Transportation in
cooperation with the Federal Highway Administration.
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Iihe methodology allows:

1. For a given set of O-D movements, eight basic
types of signalized interchange configurations may
may be compared on the basis of estimated
Interchange delay.

2. For a given type of interchange, the impact of
Intersection spacing on delay can be examined
(within the range of applicability for each
Interchange model).

3. For a given type of interchange, the impact of the
number and assignment of lanes on ramps and
the arterial roadway can be assessed, also on the

basis of interchange delay.
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Single-Point Urban Interchange (SPUI)

Tight Urban Diamond Interchange (TUDI)
Compressed Urban Diamond Interchange (CUDI)
Conventional Diamond Interchange (CDI)

Partial Cloverleaf A - 4 Quadrants (Parclo A 4Q)
Partial Cloverleaf A — 2 Quadrants (Parclo A 2Q)
Partial Cloverleaf B — 4 Quadrants (Parclo B 4Q)
Partial Cloverleaf B — 2 Quadrants (Parclo B 2Q)

Thus, the methodology does not cover the same interchange types
covered by the operational analysis methodology.
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Some Caveats:

1. TTI methodology also covers unsignalized
Interchanges — not included in Chapter 26.

2. Definition of interchange delay is similar to
operational methodology, but models are different;
compatibility 1Is not assured.

3. Methodology assumes good signalization:
- SPUI, TUDI; and CUDI 'are assumed to operate

with one controller;
- All’other, types assume two controllers.
- Signaliphasing and timing are assumed to

pe optimal.
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Default Values for Saturation Flow Rates

SPUI 1800 1800 1800
TUDI 1700 1800 1800
CUDI 1700 1800 1800
CDI 1700 1800 1800
Parclo A4Q & 2Q 1700 1800 1800
Parclo B 4Q & 2Q 1700 1800 1800
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Step 1: Mapping of Interchange O-D’s to Phase-Movements

EXHIBIT 26-24 MAPPING OF INTERCHANGE ORIGINS AND DESTINATIONS INTO
PHASE MOVEMENTS FOR PLANNING AND PRELIMINARY DESIGN ANALY SIS

Type of
Interchange

SPUI

NEMA Phase Movement Mumber

1
WEL

2
EET+ECR

3
MEL+MEL!

F
SBR

5
EEL

6
WET+WER

7
SBL+SEL

B
NBR!

TUDICUDI

CON=Int |

WEL+NELU

WEBEL+MNEL

EEL+EET
+EEBR

EEL+EET
+EBR

SBEL+SER
+SBLU

SEL+SER
+SBU

EBEL+SEL

i dede

WEBL+WET
+WER
WET+MEL

MEL+NER
+HMNEL

b

CDI—Int 1l

FParclo A 40
It |

EET+SEL

EEL+EET

Aeiedk

SEL+SBEU
+5ER

EEL+SEL

WBL+WET
+WER
WET+MEL
+NBU+WEL

MBL+MEL
+NER

ik

Farclo A 40
Int |l

Farclo & 20
It |

EET+SEL
+EpU+EBL

EEL+EET

L.

SEL+SBU
+56R

WEBT+WEBL

WET+MEL
+WEBL+NEU

MEL+MEL
+NER

b

Farclo & 20
Int |l

Farclo B 40
Int |

WEL+NELU

EET+SEL
+EBL+SEU

EET+EEL
+EBR

LI

L

WEBL+WET

WET+MNBL

MEL+MEL
+MNEBR

Farclo B 40
Int |l

Heke b

EET+SEL

EEL+SEL

WEBL+WEBT
WER

a
Int |

WEL+NELU

EEL+EEBT
+EBR

L

WET+MNEL

Parclo B 2 O
Int |l

EET+SEL

L

NER

EBL+SBL

WEBL+WEBT
+WER

Wl

ltalics

FPhase movement does not exist for this configuration.
This movement is nof included if it operates from a separate lane with YIELD or
STOP control.
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Step 2 — Critical Sum of Flow Ratios for Each Interchange Type
Single-Point Urban Interchange (SPUI)

- phase number

RING 1 Cross LT Cross TH Exit Ramp LT  |Exit Ramp
1 2 & RT 4

RING 2 Cross LT Cross TH Exit Ramp | Exit Ramp RT
5 6 LT 7 8
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. - phase number Right-Side
Ramp
Crossroad

Left-Side
Ramp
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] Right-Side
phase number Ramp
J b Crossroad

|r

Left-Side
Ramp

i
)2 iz
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Right-Side Ramp

Left-Side Ramp

Y max = MaX|Y o5 Y,

Cc,max

Y. ert = A +B

c,left left left

Y, ... =A. +B

c,right

,right right right

v v v v
=max|| ——+—=—|;| —=—+—
s,n, s,n, SN,

A

left,right

B = max

left,right
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- phase number

* phase exts
only with 2-quad L

Right-Side Ramp

Crossroad

Y =max|Y_ s Y,

c,max c,right

Yerert = Aert T Blert
Y =A

c,right — right

A
SPALY

A et right = Max +

Vg

B et rignt = Max
eft,right S4n4 38n8
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-phase number Right-Side Ramp

* phase exists only with 2-quad

Left-Side Ramp

Y = max YC,Ieft Y

Cc,max

Yoot = Alert T Blett

Y =A.,..+B

c,right

c,right

right right

\Y V VvV VvV
Aleft right = Max —+—|; >+ —

| Slnl S2nZ SGnG

v \
=max|| —— |;| —

B

left,right
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Valid Interchange Delay (d,) Interchange Delay (d,)
Range Right Turns Signalized Right Turns Free or YIELD-
of D, (ft) CASE A Controlled CASEB

SPUI 150 - 400
TUDI 200 - 400
CUDI 600 - 800

o

Parclo A | 700-1000
4Q

Parclo A | 700-1000
2Q

Parclo B 1000-
4Q 1400

ParcloB | 1000- [6.2+[3.9-0.011
2Q 1400
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Level of Service Cannot Be Determined
Using the Planning Methodology
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Sample Problems




Methodology yields comparison values of
Interchange delay.

Other decision factors must be considered:
cost, land use, environmental factors, etc.

Land consumption and distance between

Intersections are significant issues that are
greatly influenced by interchange type.
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Next Steps:

m Draft Final Report and Chapter to be
reviewed by the panel and by the
ICRT/HCQS.

m Subcommittee and committee vote.
m Software development (McTrans)
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Interchange Ramp Terminals

m Highway Capacity Software
THCM Chapter 26

m Using HCS+

“1Modifying Signals




Interchange Ramp Terminals

m Interchange Type

Initially Select from
List

s Diamond

m Six Parclos

s SPUI

Ultimately

= Preliminary Planning
Method

m Present Prioritized List
m User Selects

i
N

|||||||||||

frontage

.............
roads

Faicle B, 2 Qusdrants
Farclo AR, 2 Ousloanis

uuuuuuuuuuuuuuuuuuuuuu

interchange




Interchange Ramp Terminals

m HCS+ Data Entry
Special Two-Intersection Case

SPUI Treated as One Signal
m O-D Matrix

Defined in Chapter 26
OR
m Turning Movement

Internal Percentages
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Interchange Ramp Terminals

m HCS+ O-D Screen

i
é&
g
.

Dhstance Offset

H
{
H



Interchange Ramp Terminals

m HCS+ Turns Screens

T |
AL

4 4

4 J 1 K% kL

i

"

L

I=

L L

1fF

e A

5 o

Internal Turn Percentages
EBT [ 1 Thmu(I)
1 Left (E)
SBL [—1 Thru(D)
1 Left (N)

WBT —— Thru(l)
1 Left (H)
NBL [—— Thru(A)
—— Left (M)

T |
Jd AN e

o d A E

1F

i S

"4




Interchange Ramp Terminals

m HCS+ Timing Screens

Esfwd 1 Efw 2 E M 1 Efwf 2
[A][ FPed [A][ Fea [F ][ Ped | R || Ped
Glzo0 |R L] slzoo [R L| Glzo0 |R L G |20.0
T| w40 T T | w40 T T | |40 T T | |40 T
R R [1.0 E R R [1.0 L R R 1.0 L R R 1.0 L
Ped || R | Ped || R | Ped | [FA | Ped |[F |
— —
= = Nty
NS 1 N/S 2 N/S 1 N/S 2
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Interchange Ramp Terminals

N Incorporate:
Speed

Distance T T @

Offset

m Signal Timing S =
User Coded
ok Y . 7

Optimization =

>Including Offset e




Interchange Ramp Terminals

m Run Signals Analysis

Two Signals
One Signal for SPUI

= Modify for:

Lane Utilization

Effective Green
m External Downstream Queue
m Internal Demand Starvation

)\

Ji

—
Vi —
—_—




Interchange Ramp Terminals

m Results
v/c Ratios
Queue-Storage Ratios
Control Delay

m Level of Service

Control Delay
mV/ICOrRo>1->LOSF

O-D Movements
Approach Lane Groups

DIAMOND INTERCHANGE  ©

VAL for Lane Groups

BEfT- T ERT T TAT T [N
™ 'R LT
Lare Group . S - - : . : .
Controf Delay for OD MWovemenis and LO5 Deten
TSR W - CorreEparaTg T P ereTe 107
Tﬂmmu o0 Mawen et s Ll )
rata swahih) A (Rl jarel [WE BT =TF1)
ey Tk, L
- B (FEF)
L | El:
~F mon X = vk c (SOF)
BT o 0 SH.LTand(EH N T TF)
F T »1. LOS of
arbire 000z F E [ED EXT-THyard [E0 IMT —L)
Condrof Dalay P EH EXT-R]
l.nmul;m TeEr, a1 0 WIEER T
E-e-r-ur?uﬁl-ld::,l H VB EXT =TH1 and B 1MT-L)
':_1““"-:‘“ | EB ERT-TH) and (B2 [HT — THI
rpmercabd ] PVUB EXT-TH) and V9B INT — TH
Fea gues deby, K .:r-E_ TH)
'k
e = L (=0 —TH)
St . ™ PR ] T TRIT =L
Candal 345y, d H (=E-L) and (ED IRIT L)
[Faph])
d=c 1 PF ject) acth




Interchange Ramp Terminals

m HCS+ Interface
Quick Entry for Lane Configuration
Signal Timing with Preset Phasing
Split-Screen Design
Full & Context-Sensitive Help

m HCS Standard Report

Text & Formatted Reports
Follow HCM Worksheets



Interchange Ramp Terminals

HCS+

m HCS Modular Design

Existing HCS Framework
Modified Signals Engine

m Software Development

HCS+ Release Eminent
Initiate Development Now

m Planned Schedule

Probably Spring 2006
No Good Estimates ©




