
S um:rr:t ary Repost·. ·i:~ 
----....;.....~~~·~·-:···~-::'·-· .......... __. .......................... ~.,..,... ....... ~,-

. .; ,., 

·--.. · :--; J)ffi~e ofR~sear;ch.~l'ld 
T~chnq~ogy Transfef .. · .''.,, , .~j 

-~_:_,.-~_-_~<\,··A 

Pf~rBox soa(f ·• Austin~.i:e«as 78?~3:s~~Oj 
_,·::-1 

.. : '.·-: ·:-~ ___ ; ·- ,-~_:: 
. , ~-:- ~-- - __ ,: 

Summary Report 1237-S 
June1994 

DESIGNING URBAN ARTERIAL 
INTERCHANGES 

PROBLEM STATEMENT 
With growing urban congestion on freeways, existing and future 

street systems surrounding them must provide mobility to diverting 
traffic. Arterial mobility can be difficult in highly developed areas that 
have streets with many intersections. In these areas, simply widening a 
street is often not possible because of limited right of way, so traffic 
engineers and highway planners must look to other solutions. In recent 
years, grade separation-creating an overpass or underpass at an arte­
rial intersection-has become a feasible alternative for reducing con­
gestion along streets. Decision-makers need accurate information 
concerning the variety of these arterial interchange designs, each 
with its own set of benefits and costs, as well as geometric and op­
erational issues. 

OBJECTIVES 
The Texas Transportation Institute (TTI) conducted study 1237, Ap­

plication and Design of Urban Arterial Interchanges, in cooperation 
with the Texas Department of Transportation (TxDOT) and the Federal 
Highway Administration (FHW A) to develop geometric guidelines and 
criteria for replacing congested urban arterial at-grade intersections 
with interchanges. The final report (1237-2F) addresses the geometric 
issues, operational issues, benefits, and costs of three interchange con­
figurations-the Tight Urban Diamond Interchange (TUDI), the Single 
Point Urban Interchange (SPUI), and the Left-Hand Exit Single Signal 
(LHESS). 

The researchers reviewed literature on the costs, benefits, impacts 
on access, and types of arterial interchanges. They then addressed de­
sign elements for a typical high-volume grade-separated arterial inter­
change keeping in mind that some intersections may have unique char­
acteristics and site constraints which must be taken into consideration. 
Operational characteristics such as geometrics, volumes, mixture of ve­
hicle types, presence of pedestrians, and signal phasing, were analyzed 
for the three configurations. This phase of the research utilized 
TRANSYT 7F, a macroscopic, deterministic traffic model that can be 
run on most microcomputers and assists traffic engineers in evaluating 
both individual signalized intersections and arterial networks. Finally, 
the study investigated the benefits and costs associated with grade 
separation based on data gathered from six congested intersections in 
the state of Texas (see TTI Research Report 1237-1). Two case stud-



ies, based on data from two of 
the sites and the issues addressed 
in the study, serve to illustrate 
the suggested approach for de­
ciding whether or not to use a 
certain type of arterial inter­
change. 

FINDINGS 
Design Elements 

In making the decision of 
what kind of grade-separated in­
terchange is right for a certain... in­
tersection, or whether or not an 
interchange is the best option, nu­
merous design controls and criteria 
must be considered. Engineers 
must examine the following: 

• what type and size of ve­
hicle will frequent the intersec­
tion (design vehicle), 

• how the vertical and hori­
zontal curves will affect the driv­
ers' ability to see the intersection 
and respond appropriately (sight 
distance), 

• whether an overpass or un­
derpass will offer more advan­
tage (vertical alignment), 
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• the distance required and 
the distance available to ad­
equately design an arterial grade 
separation (length of grade sepa­
ration), 

• which design elements 
common to all urban grade sepa­
rations (taper, median, or island) 
would best serve the environ­
ment, 

• safety and political issues 
involved in removing the unlim­
ited access to surrounding busi­
nesses, and 

• how much right-of-way is 
required to build the grade-sepa­
rated interchange. 

This research found that in 
terms of right-of-way, the SPUI 
has no evident advantage over 
the TUDI. Anywhere a SPUI 
can be constructed, a TUDI can 
be constructed less expensively. 
In contrast the LHESS can be 
constructed with minimal right­
of-way. The TUDI also has an 
advantage over the SPUI when 
an accident occurs between the 

TUDI SPUI 

ramp gores; traffic can be di­
verted through the at-grade inter­
section using the off- and on­
ramps. 

In the area of vertical align­
ment, which can increase dis­
tance of left tum restrictions and 
add to cost if vertical curves are 
long, analysis revealed that over­
pass SPUis require a 10 to 15 
percent longer vertical curve 
than comparable overpass 
TUDis. No differences were ob­
served between the underpass 
TUDI and SPUI. With LHESS, 
researchers found that if median 
bents are used, the LHESS re­
quires the same length as the 
TUDI, otherwise, the lengths are 
similar to those found in the 
SPUI design. 

In deciding whether to use 
the overpass or underpass design, 
it is important to first consider 
utility relocation, drainage is­
sues, aesthetics, sight distance, 
and traffic handling. This re­
search points out, however, that 
underpass design does offer 
savings in the required vertical 
curve length because of the 
longer sight distance a driver 
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naturally has when passing 
through the lowest part of the 
underpass. 

Operational Characteristic of 
Arterial Interchanges 

The TRANSYT 7F simula­
tions performed on all three con-

figurations (TUDI, SPUI, and 
LHESS) indicated that the SPUI 
operated with the least delay for 
each approach/turning volume 
scenario (four were conducted 
for each). The TUDI operated 
within 14 percent of the SPUI on 
all four scenarios, and the 
LHESS gave poor results com­
pared to the TUDI and the SPUI, 
except under the low approach 
volume and low turning move­
ment scenario. 

Although it appears at face 
value that the SPUI performs 
best under all scenarios, research 
shows that this assumption may 
be incorrect in an urban setting. 
Here, many other variables, such 
as the complex off-ramp right 
turn movement and pedestrian 
volumes, have the potential to 
rapidly reduce the SPUI's perfor­
mance. In fact, unlike the simu­
lations presented in this study' s 
final report, simultaneous left 
turn traffic is usually not per­
fectly balanced since travel pat­
terns in the urban area can 

change significantly over time. 
Earlier data collected for Re­
search Report 1237-1 indicates 
that the larger the disparity be­
tween simultaneous left turning 
movements, the poorer t_!J.e per­
formance of the SPUI. Since in 
most cases, the TUDI is capable 

of accommodating a greater 
range of traffic demand more ef­
ficiently, it is the optimal urban 
design configuration from the 
operations standpoint. 

Benefits and Costs 
The benefits of grade sepa­

ration are time savings, fuel 
savings, and emission reduc­
tion. The costs associated with 
arterial interchanges involve 
the cost of the structure itself, 
at-grade roadway improvement 
costs, traffic control devices, 
utility relocation, and traffic 
handling. Benefit/cost analysis 
performed on six Texas sites 
and case studies of two sites 
concluded that grade separation 
becomes cost-effective (the de­
lay savings are enough to jus­
tify the high cost of grade sepa­
ration) only for sites with 
approach volumes greater than 
5000 vehicles per hour (vph). 

CONCLUSIONS 
The results of this research 

will aid engineers in addressing 
relevant design issues prior to de­
signing an interchange in a 
densely developed area. This 
should then lead to improved op­
erations and safety for motorists 
navigating urban streets. The 
TUDI clearly came out ahead of 
the other configurations (SPUI 
and LHESS) in all areas-with 
analyses indicating that, in gen­
eral, the TUDI is the most appro­
priate design in densely devel­
oped urban areas because of its 
familiar geometrics, efficient op­
eration, and relatively lower cost. 
Designers should carefully ana­
lyze individual circumstances of 
intersections before applying gen­
eral numbers used in this study's 
simulations. -

Prepared by Kelly West, Science 
and Technology Writer, Texas 
Transportation Institute 
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