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GENERATION

"Hlt' |n-rt':-nlu;_—+:. Ol __l_'_'l'lll'l‘r.llf‘ll Il'd“il' |IHI‘ major
intra-study area trips, even those made moslt
attractive by the construction of 1-29_fell far short of
the normal --'“1 Lo OO |H~Irrlll. Possibly either 1-29 had
not been completed for a long enough period of time
when the “after” interviewing was conducted for
maximum generation to have developed, or the bulk
ol :t1|r11!{r¢| traffic occurs 1n longer lr|p~ rather than
in the shorter intra-study area trips used iIn the
analysis. A third possibility 1s that 1-29 travel 1s not a

oreal deal more attractive to local motornsts than

travel on the old existing highways such as U.5. 77

Certainly congestion on U.S. ¢( was not a lu‘nirlt'm O}
the magnitude of that existing on many two lane
hichways, as in urban areas, which carry much higher
traffic volumes.

There 1s some indication that the rale ol
seneration lor heavy trucks ~tl_'n|1n'.;in{|}. exceeded the
assencer vehicle rate. Lack of data relative to normal
ocal truck travel srowth, IUrxx.«a~r.]nn-t|nulr- a sound

yasis for comparison

NVERSION

South Dakota Information
NUMBER OF TRIPS ASSIGNED
Shortest Path (All er Nothing)

\ssignment Methods

observed number ol major

The actual or
intra-study area trips using the interstate was 1,580,
[his number was most closely matched by the 1/4
Time - 3/4 Distance factor assignment method, which
assigned 4179 trnips to the freeway. All methods
:wlllﬁlr}iriu areater weights ol time resulted in over
assienment to [-29. with the 100% time method
putting the greatest number ol trips. 5.552. on the
interstate. The shortest method

assiened only 3,551 trips to the Ireeway.

distance path

Partial Diversion Assignment Methods

The South Dakota time, distance and
time-distance CUTY €S
assienments very near the actual freeway data from
which lht“}. were ilru'lulu'il. The South Dakota travel

factor ratio lHTi{hiIW'd

time ratio curve was significantly less accurate than
the other South Dakota curves, as time ratio criteria
would not fit the 1-29 data well enough for a time
ratio curve 1o [H' Ijltllll'f‘ 'u.||li'll ’nnlllil 11!" 1Hllll
svmmetrical and accurate. The Bureau of Public
Roads time ratio curve and the California diversion
formula assiecned 4,008 and 4,602 trips, respectively

to 1-29. This ranks these two methods below the
South Dakota curves, but above all shortest path
methods excepl the |/4] 3/41) factor method, n
accuracy in the number of trips assigned to the

ireeway.,

WEIGHTED AVERAGE NETWORK SPEEL

Shortest |"|”1 Viethod
] i!." it |.|1Li1| Of iiil-l i\.tw; welol '.:'ti dV el dllC Ilt'lh'll‘l\

SURVEY CONCLUSIONS

Hl”""' was o0o.42 miles per hour h ho
method which best matched this speed |
distance path method, with a 53.4 mph
1/4°1 - 3/4 1) method was next witl )

olther methods ,-Iulllll ed ]HJ:": peed
Partial Diversion Method
1T he South Dakota distance rat
accurate with 3.3 HIII'II lollowed | 1

Publi |{1hu+[~ curve with 53.19 moh
ill"s"f‘*“”l IHFHIHL'I Hl!'tlltl'll ]II'IH!#Iﬂl'i:. J

1

Il'ill}i_ .I.[Il' ['JHH Hll'”il'*i- iII resulted in o me

-[n-r-¢l~ than anv of the shortest {-rli. metho

the 100% distance method. Two of tl h
Ilillililn[-- [ll'iill“{'l'i! IMors accurats } T

California diversion formula

DIVERSION — South Dakota 1-29 and K
Information Assiened by the

Path Methods
NUMBER OF TRIPS ASSIGNED

| he actual number ol trips 1

be best simulated on each freeway |

lactor with a weight for time ol betweer

'he mean ol the |nr|;w*nl¢u;r- { assioned tri
Ir_x actual [I'llr-—] tor the two Ireewavs ind
the 1/41 - 3/4D) method assigned most acer

number of freeway rips) ol the seven meth

WEIGHTED AVERAGE NETWORK S

\ II] 'iil LOT usiny < ‘t‘hf'l"_";f lOr ime Ol

/4 and 1/3 would best simulate th

the Kansas study. while the shortest dista
[rl'iulmrif the most accurate speed
Dakota study

K ansas Hill*l'li‘ﬁ simulated by each metho

] [ i
|Ilt' mean ol the >oul

LO [|It' mean ol I||r actual ~|J11rf- eV

1/41T - 3/4D) method mean speed best sin

mean actual speed.

'he shortest time ':.{Hl method was
accurate ol the several shortest path methos
number of rips and 1n 1plw+|- in bolh
Dakota and Kansas studies.

] =

PERCENT RMS ERROR IN SOUTH DAK®O
STUDY BASED ON ALL TRIPS CROSSI

[EN SCREENLINES

'he lowest percent RMS error i thi

Dakota studv was 1lllll|iili!'ii lor the |-

H|l‘!'|tHI t']]‘l!ll”\l”__; | t[ : ”]' I'l" iH;.’EJ'

I:\l"‘ Crror Wwds l'l]”[llllll'li [ O1 ”li' -i{rr!'i

method.

DIVERSION South Dakola K ansas

\Ilvarado Shirley and

|-_I|

l!IIHlHI.!IIHH \*HI'__‘TIt'iI ln, |'n-

Procedures And  the

|I|H.--|}|-|¢!I!'-" Ill“"lt"!’.tlkfl




\N ()]

TRIPS ASSIGNED, WEIGHTED
\VERAGE NETWORK SPEEDS
AND PERCENT RMS ERROR

suth Dakota and Kansas Studies

sonth Dakota TD factor ratio curves
ne weights of 1/4T - 3/4D and 1/3T - 2/3D

~ither first or second in order :rl'|;rWLI}~ri-1|tw' in
nation t';!il"_fl'll'it'.‘h ( I{”Ip.- ..i-.-i'_1f1='t|_

e three eva
| percent RVS error).

brillo. Alvarado, Shirley and Kokomo Studies

' : |
1
i
L

ont BRMS error t;]ll';_rlll'it'a and second 1n

3/41) curve irhtr:1| first in the Hlu'rll

( freeway trips assigned. The California
Pa ed fhirst 1n number of ilWli& d~~|;l|rl|*
peed and fourth in percent RMS error. The
/31) curve ranked third in trips assigned and

' - li'b'l|ii 1 I"rl’rf‘l‘lil.t I':\IH Crror

tudies

H /4 D) curve was first in each of the
'he 1/3 1 -2/3 D curvi |.I;L..! third

| i cll 'I {Fft‘i .iii'i —r'lr*!-_!l 1] }!';".'.t

assienment

"'iilllll |11

that 1l

llllhl Jll't[ Wds Ir1|.~

assiened and speed and fourth in percent RMS error

Curve II#'U"H!H*II

The Three Studyv Groupings:

South Dakota and Kansas; Cabrillo,
\lvarado, Shirley and Kokomo: and
A\l Six Studies

'he two TD factor ratio curves, particularly the

using weights of 1/4T - 3/4D.

|rf{1{hll'ri| consistentlyv more accurate numbers of Lrips

and weichted average network speeds and lower

percent RMS errors of estimate than the BPR travel

Lime ratio curve in t*di'll Ol lllr ||ll'¢’i ~l|l!l} ;_’Tnillr-_
20 BARRIER EFFECT

"II‘} 05. or 1.9%. of the total of 5.036 lri|a~ Ol

L ' _-
)

—

ml\rl':-t

had

”lihhﬁ or less 1In li1|g|]| \x}lh'll rIWlaﬁPIl 29 |lufl
travel due to the interstate. 1hese motorists
170.6 miles of adverse travel. an average of 1.8

miles per trip This information i1s based on interviews
conducted after the interstate highway in the study
arca was H-Hl[rli ted: therefore 1t 18 lruuihlt' that some

ST
of their trips now requiring circuitous travel.

WS

| S

adversely affected have limited the number







ludy was n‘nru|rlf'lt'|| in accordance with

‘age A-J
Lhe

I

1

1
L 1

I

el Lhal ”::'

uiting

of the “Guide for Forecasting
Interstate dystem for the 1965 Cost
!"'H"u'i'lil't‘= Ilﬂt'tl werce L{t‘IIt‘I‘ii“}. s
nninyg o l’.:;_{t' I\ “-1 ol l!tt' Hi;_’fh\\;l}

sram Vlanual

ol the i.'HI!lfIIHH‘-.ﬁj need for research In
vith the traffic usage of the Interstate
was imtiated to determine factors
l'tl”t‘l‘[ H”ll‘l'

W -
AIRNA
,-Ellil

i B ’ .
1114 1]¢1|.]

!]I\. crsiornl a.illli 1O

cornidor from Sioux Falls to
:|1 i*'-'

from the

ideallv suited for studyv of the
construction ol the

hwav for the following reasons:
are ”I" LWO i:il'_;_‘i’ﬁl n![i¢*- ‘.\illll[l llil'

indine area and therefore exert an

ortant influence on the travel patterns in
IIE;"1I1I"II'

Interstata Dy stem W as Lo b

malicallv Hm|~in~l‘ d at an earlv date

Interstate Svstem within both cities was

'-‘:IT_\. l*rm]-lr'l:
of the highway layout, 1t would b
ble to intercepl all of the ftull lenegth
) = "'nl|li

a mmnimum of interview stations

corridor hes 1n a Imlnniulh acricultural

which should mnvolve local farm to
L Lrips as well as the longer distance
| ittle was known in BPR Recion 5 ol
Interstate System on local

t ol thi

mile segment of Interstate 29 between
nnehaha Countv line) and Sioux Cits

.;.. I"'"l.i'

INTRODUCTION

olthicially xrln'llt‘l] to traltlic In

Sf*ljlt'llllu"r of 1962. It was constructed in four .‘-«lilgt‘ﬁ

with official uln-nin;_'; dates as follows:

|. The 18 mile segment from Interstate 90
south to the Worthing Interchange (12 miles
of which are in the alllil_\ area) - October.
1960.

2. The two mile segment from the Worthing
Interchange to a point two miles south
f‘*t'l:ll'fll‘ll‘lﬂ 196 1.

3. The 27 mile segment from Sioux City, lowa
north to Junction City - December, 1961.

L.  The 35 mile segment from Junction City to
a point two miles south of the Worthing
Interchange - .“-rlnlr'lnln-l: 1962,
Interstate 2Y

concrete highway built over a 13 year period from

1928 through 1940. U.S. 77 has a 20 foot driving

surface and shoulders that vary from 5 to 8 feet in

width.
| he total 7Y mules of U.S. [|l;_flt“¢|} {( trom the
City brnidge to the south Minnehaha
contained 30 miles of No l"m-:-'m;_f Z.ones.

— p—

_;_;i'ru'r‘t”} ['Lll‘;l“t'lh ll.i"‘;. ii, A

1‘nv.*.'ll i*.

l "‘:'.Fr1="'|. '*’J'

ncludmme 85 deticiencies in horizontal and vertical
alignment. The 1962 sufficiency rating for this
ecuon HVII i'li;_:]l'n.,i_\ Wds ds ]HH(I\%:—’
fnu:i} |T miles
Syatistactony 15 miles
| olerable .. 33 miles
Unsatisfacton ... 14 miles
Interstate 2Y. a divided controlled access

IJ.:'._|'1H-_4_‘~. 1= COonstru« tl‘ll Mi lliill‘rl'lf‘, }L-{.*- tHIII' I._! t”“l
drm iy |¢i";'-'*- J:n! Ir_.h aten ool I'i*__{lll lir-[l!lii“ h]lntllilt‘l‘
and a six foot left l1=lr|1li|t shoulder. The tlnltlul:

LASSY T IELEH kS I] leel ““h'




In order to obtain information concerning the
tratfic patterns and volumes existing prior to the
construction ol Interstate 29, roadside interviewing
operations were conducted during the summer of
1961. A representative number of motorists passing
19 locations within the Sioux Falls-Sioux | ity
rnl'riihrl' were {It]t'allnrlt'il 1'1llil't'rllil1:_f llh‘lr‘ Origin,
destination and other pertinent data about their Lrips.
Information collected at four locations during 1956
and at three locations during 1960 was also used
making a total of 26 interview stations used before
the construction of Interstate 29. fiaghteen of these
Illlt'l\it'\\ stations were n[u':'tlir'll lor |L.‘-IHHH' ]H'l‘llu|~
hve lor 2Z4-hour periods and interviewing was
conducted at the remaining three stations for |n-|'|mi-~
of eicht. ten and sixteen hours.

Interviews collected at all interview stalions were
r\[mlt{]r!l LO ktl|ll!|lt'- l'*'lrr'q'wi‘itllill‘u* Ol dvoerage |‘H;I
summer trathie as determined from counts taken from
mechanical tralfic counters

Information concerning  trathe patterns and
volumes after the construction ol Interstate 29 was
obtained during the summer of 1963, Interviews weri
obtamed at the 26 locations at which the “Belore
miormation was obtained and at 29 additional
locations. ity ol these interview stations wers
operated for l4-hour periods, four for 16-hou:
periods and the remaining two lor 24-hour periods
Interviews obtained in 1963 were expanded to
werage 1903 summer trallic volumes as determined

rom counlts [.l'\.i'li rl'HIH IIII’lIIt!HIldl trallie counters.

SURVEY PROCEDURE

“Before” and “After” interview station locations are

shown in Figures 2 and 3, Pages 29 and 31.

The following method was used to gather

mformation concerning trips on 1-29 in 1963
| . |'I'*il‘[i|' It';nln'__' ”Il‘ interstale was -%;ilnill*'tl lr}
Illh‘l‘\.irhl!l;j moltorisis ds lltl'} |:'H l|ll'
interstate at all interchanges.

. “'trrlllilulllll{l tralfic on ”Ii Hiulnlilrt' Ol lht'
interstate near Sioux ‘,ll_\ and northbound
traftic on the mainline of the interstate near
Stoux Falls was used to account for the
remaining interstate traffi
Votorists not using but crossing the interstate at

interchaneces and erade separations  were  also

mterviewed to obtain information to be used in the

study of the barrier effect of 1-29
Information obtained at both the “Before™ and

“Alter interview stations was adjusted for multiple

interceptions, coded, punched on IBM ecards and

tabulated. Average dailv summer traffic and vehicle

Hilll S Ol [lln-'i Il € || ~coment Ol 'flt* rstale '_”’ were

determined from the “After” tabulation obtained

lable 1. Page || shows a comparison of this
imtormation with annual average 1l.nl_~. trattic volumes
and vehicle miles for the vear of 1963 as determined
irom mechanical traffic counters. A factor of 1.3 was
used to increase the mechani ally counted annual

average il.lll_\ tralhic to volumes representative ol

summer travel in order to make them comparable

with Lhe data cathered al the sUumimer

ongn-destination interview stations




PART |

The boundaries of the study area were defined
senerally (See Figure 1, Page 26) as follows:

. North houndary: South McCook and
Minnehaha (S.D.) and Rock (Minn.) County
lines.

2. East boundary: U.S. Highway 75.

3 “umnill htlnllihlr}' \1i-~<u|ri|iixt-r.

l.  West boundary: U.S. Highway 81.

Vaior intra-study area movements, defined as
those of 9.5 rips or more per 1|;|3. t'\rlmlm;_* lowa to
lowa movements and movements with a rural orngin
or destination, were arlﬂtltwl ltn‘LHIH'}:ﬂ'Ftrl'l“\l‘rrﬁlll

;Hli| seneration l’:nlrlrrwu t}f lllr |l)2 movements so

—~ GENERAL

selected were eliminated from the diversion analyses
due to lack of ill'l'l‘:-i:-'-ilii“l}’ to Interstate 29 or
apparent interviewing or coding discrepancies.
Seventy-five of the 102 movements were used in
the generation analyses. Included in these 75
movements \\Frt“‘l}{IJ|1IIH'};I;IIH'\i'“I'T1lhllﬁfllililllr

diversion analvses and seven of the fourteen

movements eliminated from the diversion analyses.
Movements used in the generation analyses are

shown in Table 2, Page 12. Information shown in

[able 4, Page 15 e udes a list of movements used in

1|1F Hllﬁlkﬁﬂ‘h1l|ql“\l‘rhﬁilL




Generated traffic 1s defined. on |’.;1_I_Ft_‘ \-26 of the
“Guide for Forecasting Traffic on the Interstate
f";}:ilt'li! tor the 1965 Cost Estimate”. as follows:

“When an existing route is paralleled by a much
more attractive highway such as a freeway, the total
trattic on the lwo roads will be I'(_I'Ilhi[il'rillll\ oreater
than that on the old road before the new one W as
opened. The additional traffic above that which can
be accounted for by diversion from other routes in
the general vicinity and normal growth is defined as
‘generated trathic’. This generated traffic is made up
of the follow ill;_', classes of lr‘ill:-_

a. rips which would not have been made at
all, or would have been made less frequently,
if the attractive route were not available.

b. Trips which would have been made to other
destinations or from other origins, if the
route had been less attractive. For example,
places of shopping or doing business might
be changed because of a shift in relative ease
of travel.

c. Trips diverted from other forms ol
transportation.

d. Long trips diverted from distant routes. now
less attractive. relatiy ely.

e. Trips resulting from new developments along
the road that take |n|.'u'r hilllll“ii!lt"tlllhl} with
the construction of the road.™

\nalysis of “Before” and “After” major
i!llril-rlllll_\ area movements (volumes of 10 or more
trips per day in either the “Before” or “After”
tabulations, excluding movements with a rural trip
termmus and low a o |n\.~.;i movements) was
accomplished by trip purpose of passenger vehicle
trips, by total passenger vehicle trips, by total heavy
trucks. and ||} total lri|l.-.

\ highway network was selected, length of each
link was measured, average driy ing speed for each link
was estimated (See Figure 4) and travel time for each
Iink was computed. Using the information thus
obtained, the shortest, fastest path for each vehicular
movement was selected, first using the existing
highway network without 1-29, and then including
[-29 in the network. This information was used to
group the movements in several categories as follows:

1. Same distance or shorter via [-29
2.  Longer but faster via 1-29

Categories 71 and #2 combined

p S . e
— g
W W

Cross 1-29. but neither shorter nor faster via
[-29.

I'wo methods were used 1n an attempt to
determine normal growth due to factors other than
the nlu'nil!;j of Interstate 29. One method was the use
of Category #4 as a control group, since it consists of
movements nol made shorter or faster by the use ol
Interstate 29. While the number of movements and
total volume of trips in this category are relatively
small, 1t 1s felt that some significance should be given

PART 11 -

GENERATION

to the absence of an increase in total traffic in this
category “After” opening of the Interstate. The other
llH'”IIH' l'uliai;ﬁlrll Ul. d l‘tllll,lill'ihllll {![* |nr;1,] (.“l'l'”.‘*t‘«ll
in 5.1).) passenger car volumes noted at 12

abbreviated count program stations operated on the
state trunk system during the summers of 1961 and
1963. An increase of about 6% was noted in the 1963
counts. Consideration of the results of the two
methods indicates that normal srowth would have
been less than 6% had Interstate 29 not been
constructed.

T'he “Before™ and “After” volumes in each lrill
category mentioned earlier and the ratio of the
“After” to “Before” volumes are shown in Table 5
Page 14.. A look at the “After” to “Betore  ratios for
Passenger Vehicles, Heavy trucks and Total Vehicles
indicated that, as expected, the percentage of increase
in tratfic varied directly with the savings in distance
and time made available to motorists lr} the
construction of 1-29. The percentage of increase in
Category #l was as follows:

Vehicle Type 70 of Increase

Passeneger Vehicles 1)
Hnn} T'rucks 2(0)
\ll Vehicles | ]

The tollowing increases were noted in Category

Vehicle Type 7 of Increase

Passenger Vehicles :
Heavy Trucks |3
A\l Vehicles !

-+

Combining Categories #1 and # 2 revealed

o

increases as follows

Vehicle Type 70 of Increase

Pii"‘ht'll_i_{t‘f' \!'Illl'lf"ﬂ

||f-;njy Trucks | {

()
i)
\” \ll}l{'th H

Shight decreases in Passenger Vehicle and Total
I'raffic were noted in Category # 4 after completion
ol the Interstate. The tollowing are the Category # 1
totals:

Vehicle Type 7 of Decrease

l};bm'ngrr Vehicles 2
Heavy Trucks ()
\ll Vehicles 2

The “Guide for Forecasting Traffic on the
Interstate System for the 1965 Cost Estimate’ also
states, on Page A-29, that generation on a lIree.
limited access highway normally ranges from about
30 percent to about 60 percent, with an average ol
about 45 percent \ look at the *“‘Before” and
“After” totals for Interstate 29 traffic in the
preceding tables indicates that the percentage ol

_i



venerated traffic, even for the movements made most
attractive by the construction of the interstate, falls
|'.|I lu'lnu llll' 30) !H‘I'I't‘fll Ili;_"lll‘v.

The “Guide”., however, also states that "“The
senerated traffic does not always appear the first year
a facility is opened, as there 1s sometimes an
accelerated growth for several years which cannot be
accounted for by new development along the route,
and can only be considered as continuing
seneration %

'he low rate of generation determined for 1-29
might be explained in this manner:

Ilither the two vear period between the
“Before™ and “After” interviewing was too
short tor maximum generation to have
developed.

I
I'he bulk of the generated travel occurs n

longer trips rather than in the shorter

ntra-study area trips used in the analysis

It is also possible that [-29 travel i1s not a greal
deal more attractive to local motornists than travel on
the old IIi;_III“;t}:-n such as U.S. ”ig'm ay T (:t'r[;lilll}

i —

congestion on U.S. 77 was not a problem of the
magnitude of that existing on many two lane
hichways, as in urban areas, which carry much higher
tratfic volumes.

It i1s evident, at any rate, that the rate ol
generation of trips of the type used in the analysis
had not, by the summer of 1963, reached the range
described as normal in the “Guide . There i1s some
indication in the preceding tables that the rate ol
generation for Heavy Trucks was higher than the rate
for Passenger Vehicles. This cannot be definitely
established. however, as no data 1is available
concerning normal local truck travel growth such as
the data relative to normal local passenger vehicle
travel growth obtained at the abbreviated count
prograi stations llll‘!llllllll'll l‘dl‘llt‘!‘.




Basic Data

“After” interview information onlv was used in
the diversion analyses. The 88 movements.
constituting 7,388 trips, which were used in the

analyses are shown in Table 4.

\ highway network was selected, length of each

link was measured, average driy ing speed for each link

was estimated (See Figure 4), and travel time for each
Ink was computed. Using the information thus

obtained, travel time and travel distance were
1'umlllllt‘t| for each community to community
movement: first with the freeway removed from the
network, and then with the freeway included in the
network. lThe resulting freeway and alternate travel
distances, travel times and speeds, along with the
number and ln‘l‘rrrllil;,[r 0l |‘ri‘¢*\#'£-l}' and alternate ll‘i[lr«
and freeway/alternate time, distance and speed ratios,
are also shown in Table 4.

I'rips Assigned to Freeway
by Various Procedures

Table 5, Page 18 | lists the trips assigned to the
freeway by seven “shortest-path™ or ““all or nothing”™
assignment methods. These assienment methods ranee
from a “‘shortest time Ihl“l method ™. lhrun;_fh five
“time-distance factor” (1) methods, to an assignment
based on “shortest distance path™

Time-distance factors. hereafter referred to as T
lactors, are computed as follows:

Suppose that between two given communities
the times and distances are as follows:

TIME DISTANCE
(Minutes) (Miles)
I"l't'l'“d} 1 20 8.3
\lternate 13.2 6.4

If we give minutes a weight of 0.3 and miles a
weight of 0.7, then the assignment factors would be
as follows

l'1l‘{‘f'“il} \:-hi:}_lltllll'l'll I'actor 12.0x 0.3 + 8.9 x
0.7=9.56

Alternate Assignment Factor = 13.2 x 0.3 + 6.4 x
.7 = 8.44

[t will be noted that on the basis of shortest time
the freeway gets all the trips, whereas on the basis ol
a tactor rnlil]um-{l ol 0.3 time and 0.7 distance the
alternate gets the trips. A shortest distance path
assignment would also, of course, put all of the trips
on the alternate.

Lable 5 also shows the number of trips and
percentage ol the total ll'l|n« in each movement
assigned to the freeway by flive ratio procedures and
the California Time-Distance Differential Formula.

1The Bureau of Public Roads travel time ratio
curve for urban and rural areas, shown in Figure 5.
I';-l,i,:t' 25 . was taken from the mstruction manual for
“lThe 1965 Estimate of the Cost of Completing the

|!il: rstate Svstem

PART III

DIVERSION

The South Dakota Travel Time. Travel Distance

and TD Factor Ratio curves, shown in Figures 5

—

through 7, Pages 35 through 37, were plotted using
the basic data. or actual interview information. All

ralios are freewav to alternate ratios. rnrnpulrtl by

l“'&it“ll;_[ the freew ay travel time, travel distance or TD
factor h} the alternate travel ime. travel distance or

['D factor. The best visual fit method was used in
t|t*\.i*lll[lili;_f the curves. .""*t“sl'l"ll| CUrves were 4]!'\t'lnin*1|
for each assignment basis and the best curve was
selected for each method l]r-i!l;__' the critena ol
accuracy 1n total number of trips assigned, symmetry
and lowest percent root-mean-sauare (RMS) error
See Page 8 for a discussion of RMS error.

The Califormia Time-Distance Differential
Formula (2) used is as follows:

S50 (d 4 21}

Where: d =distance 1in miles via best available
ireeway route minus distance in miles via
best available alternate route.

t = travel ime 1n minutes via best available
l'rwuu} route minus travel time In
minutes via best available alternate route.

p =the percentage of trips between given
points assigned to the freeway.

T'he actual or observed number of trips using the
interstate was 4.388. The shortest path or “all or
nothing” assignment method which most closels
;t[nprn\mmtml this fi_:_{'lll't‘ was the 1/4 Time 3 |
Distance factor assienment. with 4.179 reeway trips.
\ll methods f'llllllnylll;_' oreater welghts of time
||I'{H|llt'ml an overassignment to -29. with the 100%
time method putting the oreatest number ol lri|h.
2,022, on the interstate. The shortest distance path
method assigned only 3,551 trips to the freeway

I'he South Dakota time, distance and T-D factor
ralio curves produced assignments very. near the
actual freeway data, as might be expected since the

actual data was used in developing the curves. The
South Dakota time ratio curve assienment was
significantly  less accurate than the other South
Dakota curves, as time ratio criteria would not fit the
l-:.”’ !L‘ilu hr“ l'llﬂtl;_'ll LO lllnl a time E';i[iu curve \\llll'll
would be both symmetrical and accurate. The Bureau
of Public Roads curve and the California diversion
tormula assigned 4,008 and 4,602 trips, respectively

to 1-29. This ranks these two methods below the
Htllllll l)alixulil CUurves, lnll il[lll\.'i‘ .f.l“ .‘-]l[ll'll‘ﬂ ||;Il|l
methods except the 1/4 Time 3/4 Distance factor
method, in accuracy in the number of trips assigned
to the frm-uu}

Vehicle Minutes and Vehicle Miles

\ssioned to Freeway H} Various
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Procedures and Summary of HIH'{'[.I.‘*

'able 6, Page 22 shows vehicle miles and minutes

on the freeway, on connecting roads, and on the
alternate routes, for the actual routes traveled and for
cach of the 13 assignment methods mentioned earlier.

'hese vehicle miles and minutes were used to

=-sin‘nlh’ the daverage -'u'|‘tl- On llll‘ lvl‘t'l‘“’;l}. 01
connecting roads, total freeway, on the alternate and
on all roads on the network. for the actual routes
traveled and for each of the 13 assignment methods.

['his summary of speeds is shown in Table 6.

I'he actual or observed weighted average network
speed for the trips used in the diversion analyses was
23.42 miles per hour. The shortest path or “all or
nothing” assignment method which best matched this
15 the shortest distance method, with a 53.4 miles per
hour speed. The 1/4 Time 3/4 Distance method was
next with 53.9 miles per hour and the speeds
ncreased with increasing weight given to time to a
maximuim -}j.“ IIII[!‘.* |H'I‘ hnlll' t-llt‘rl_l nl#lalilil'll using
the shortest time path method (100% time).

lhe most accurate of the |mml diversion
=signment methods, on the basis of weighted average
network speed, was the South Dakota distance ratio
curve 'ﬁFHi |I irl'inliltl'll d -[H'rl| Ol -:t‘t: \ -]u‘l'il Ol
3. 19 was derived using the Bureau of Public Roads
curve while the other South Dakota curves resulted in
speeds ranging from 53.56 for the South Dakota time
ratio curve to 53.8 ftor the 1/3 Time 2/3 Distance
ratio curve. The California diversion formula method
produced a speed of 54.3 miles per hour. lhus the
ratio methods all resulted in more accurate speeds
than an of the shortest |nil|| methods excepl Lhe
100% distance method. Two of the shortest [mih
methods produced more accurate speeds than the

(Lahtorma diversion formula.

\ssignment and Weighted Average Network
Speed on 1-70 in Kansas and 1-29 in
south Dakota |r}, Seven Shortest Path

\ssignment Procedures

lable 7, Page 23, shows a comparison ol Lthe
accuracy ol each of the seven “all or nothing™
assignment methods in trips assigned to the freeway
and in weighted average network -|n-m|_- for 1-70 1n
Kansas and 1-29 in South Dakota. Table 7 also shows
[ e |u*rm-nt H\I.‘ error, i'nr -.'alt'h é!.‘*.‘*i;_"llllll'lll !II:‘I'I{HL
in the South Dakota study based on all trips (Ireeway
plus alternate) l'rll.“'-«i“: ten screenlines.  The
screenlines used are shown in Figure 8, Page 38. Table
8, Page 24 shows the actual number of I'rm-un}, and
alternate crossings at each screenline and the
percentage that freeway and alternate CrOSsIngs
assiened Il‘_'u cach of the seven shortest [uilll methods
are of the actual CrOsSsSINgs

Kansas |-70 mmformation used in this table was
taken from a summary report entitled “Interstate 70
Usage .“:lllll}ﬁ 1962 - 1965 [lllllliﬁlli’ll ll} the State
Highway Commission of Kansas, with the following

l'\i'i*lllil’)ll:-i

Two of the movements used in the Interstate 70
Usage Study were excluded from the analyses in
this report. These two movements were as
follows:

K.C., Ks., Lawrence and Topeka — Denver and
Central Colo. (152 lrip.a)

K.C.. Mo.. and Northern Mo. — Denver and
Central Colo. (182 trips)

These two movements were excluded because it
was felt that, due to their extreme travel distance
and marginal freeway/alternate distance and time
ratios (lml'l jllal over |.”()), IIH‘}' were nol
comparable to the shorter trips used in the South
Dakota Study. Also, a footnote in the Kansas
Study relative to the K.C., Mo., and Northern
Mo. Denver and Central Colo. movement
indicated that “In addition to the 182 trips
observed on |-70 and K18 in this group,
preliminary analysis to another study shows that
dppl‘n\iﬂhi!rh ) additional Irilh between these
arcas were observed traveling other east-west

highways.™

1I'he percentage that assigned trips 1s of actual
lrips on 1-29 and 1-70. for each of the shortest ]nllh
assignment methods, indicates that the actual number
Ol trips might be best simulated on each freew ) by
using a I'D factor which employs a weight for time of
between 1/4 and 1/3. The mean of the percentages
lor the two !rr-ruu_\- indicates that the TD factor
using 1/4 Time 3/4 Iistance assiecned the most
tlt'i'li[‘;ilf'h { 11} llulllln‘r O] Il'r't'\\.i_\ li‘l|r-} Hf l[lt* ~eYen
assignment methods used.

\ comparison of assigned and actual weighted
dverage nrlnnrk *[H't'li“ l'l'\i';l[l'l{ ”IJ[ d ||) I‘;Il'lﬂl‘
using a ‘M'i;.flll for time of between 1/4 and 1/3 would
best simulate the actual speed in the Kansas Study,
while the shortest distance method best simulated the
actual speed in the South Dakota Study.

The mean of the Kansas and South Dakota
speeds  produced by each assienment method,
compared to the mean of the actual speeds in the two
studies, indicates that the mean of the 1/4T - 3/4 D
D factor method speeds best simulates the mean
actual speed.

It should be noted that the shortest time method
assignment was the least accurate of the several
shortest path methods, both in number of trips and n
speeds, in both the Kansas and South Dakota studies.

Table 7 also indicates that the lowest pcl. RMS
error 1n the South Dakota Study, based on all trips
( |‘I'1‘t‘\’cili\' |r|ll:- alternate) crossing ten screenlines, was
computed for the TD factor method employing 1/4
I. - I/ I “. ’Hll‘ |Il:,_{hl'*~l Illt H\l"‘ error was l‘HIII[HIlf‘I[
for l!li‘ shortest time method

T'he percentage that the number of assigned trips




15 of actual trips on 1-70 in Kansas and 1-29 in South
Dakota for each of the shortest path assignment
methods 1s shown graphically in Figure 9, Page 39.
The mean of the percentages [or the two freewavs is
also portrayed in Figure 9, |

\?ﬁiﬁ'“'d-11r”|ﬁ_ \\u1ﬁnﬂ'q\11\¥tlrL ﬁlu*rihx
and Percent RMS Error of Estimate For
Six Freeways Using Six Partial Diversion Methods

Table 9. Page 25 shows the results of the
tlillilii"llilrll ol hve ratio assirnment lIIW ) l'illlrf'~ .llii]
the Califormia diversion formula procedure to the
South Dakota and Kansas information. and to
information concerning four other freeways or
f|}|nir~.\l'- (I) ij!'l‘f t‘llltl;_'t" III;II ;lw-all;t_llll'I! Ireeway ll‘l||=-
are ol actual freeway trips are shown for each
assignment method for each freeway. Actual average
lit'l\xi!r1x ~|!tW'ti~ dre “IltIX\It fimr ot { Il IFtW'\\‘iﬁ : ‘t|1rllg
with assigned average network speeds and percent
RMS error of estimate for each assiemment method
tor each freeway. |his information i1s summarized, for
ease ol analvsis, 1n another section of the | able. | he
mean ol the perce ntages of assiened to actual freew ay
II'I]:-. the mean ol the weigchted averagse network
~[1r11|~. and the mean ol the percent RMS errors s
-1hmn lor mii]i lhl!'[ldi ili‘xl*iﬂll assienment Hli'l.’:lﬂ]

]'{jrt’;lt'll l_'lf Il'l' !ll“tl'ﬂ.”"i:__' J[Ij”‘”“"_
. South Dakota and K ansas
2. Cabnllo. Alvarado. FWIirh*} and Kokomo

3. All six studies (South Dakota. Kansas
{ dll““tl, \I\dl'.llltl ."‘;I|II'It‘T\ ,‘i[[{l }\lli\'l'll[lll )

The South Dakota and Kansas studies wer
combined because the ~lnti} sections are located n
predominantly rural areas, with comparatively high
xxrtzllqul average network H'H‘rll& 1The mltormation
from the other lour studies was :IWlH|rrtl because 1l
was felt that they were representative ol more
populous areas and lower weighted average network
?'*'Il'l'l'li"w.

Each assignment method was assigned an order
0l Il[‘i*]i‘rrln'l' for ln|1|| O] l]H‘ “ll‘t‘r' *”‘uilllhl[l“!f
calegories {1n1lnlrr|'i-2l|1]p~ii-=|glu*lf erlglzlril.ixilqtﬁr
llf't\\llllx F]lt'VtI Linql |r~'riw'r1l I; \]‘4 error) k\il]tlll V.Itll O}
the study groupings

1 he information shown in lLable Y indicates that
for the South Dakota and Kansas studies, the South
Dakota T-D factor ratio curves r1u||h%3it|g welghts ol
1/4 Time - 3/4 Distance and 1/3 Time - 2/3 Distance
ranked either first or second in order ol prelerence in
each of the three evaluation categories.

A look at the mean values calculated for the
Cabrillo, Alvarado, Shirley and Kokomo studies
reveals that the 1/4°1 - 3/4 D VIIF\t‘[IIHEW‘d first 1n the
~{ir|*t| utli] llt'FIW'IIT l: \l7* t'rldil'l'gllt':illﬁt'm ‘lliil S 1:r|4] i1
number ol lreeway Ir1|rf Jf-tgan-J. 'he Calhifornia

formula placed first in number of trips assigned

second 1n ='n'rl|=lnt| fourth in percent RMS error. The
1/3 1 - 2/3 D curve ranked third in trips assigned and
wli:w-i dllll ~tW'1>ulI I Iu'er'lll |: \If‘ error.

The rankings lor all six studies combined reveal
that the 1/4 1 - 3/4 D curve was first in each of the
three categories. The 1/37T -2/3 1 ) curve placed third
in trips assigned and speed and second in percent
RMS error. Results of the California formula
assicnment ndicated that it was second in Lrips
assigned and speed and fourth in percent RMS error

|! cdarl ||1' Iil'[l‘ll irom llii' llllﬁ'l' summaries ol
ireeways in lable 9 that the two T-D factor ratio
curves, particularly the curve developed using weights
ot 1/4 T - 3/4 D, produced consistently more
accurate numbers ol trips and weighted average
AL !ht}FL mpvww]~ ttllil hrxarr ]lrrrt11| |i\|ﬁ-n-rrura Ol
estimate than the Bureau of Public Roads travel time
ratio curve.

Some ol the mformation shown in Table 9 s
portrayed graphically in Figure 10, in which the
percentage that assigned trips is of actual trips and
[||¢~ !lr'l'i ent I:'\]““ crror Is ~|mnrt Or t'ill'li_ Hf- ”I*' =X
Ireeways or expressways for three of the mor

prominent I!drlld! diversion assienment methods.

Viethod ol {.Irirlllllltiliullu Ol

Percent |{+n-i—\|rint-3|]uﬁnw l.rror

lhe formula for the computation ol percent
RVIS error was taken from the bottom of Page 66 ol
Highway Research Record Number 191. from
1homas F. lilltnlr!irry s arlicle A |ir1;{;rl on the
\ccuracy of Traffic Assienment When Using Capacity
hestraint . That formula is as follows:

S (SCo NS '
o T =X
RMS \, T o M

N -1
in which \1-{~ cround count on link |,I

\.l \ volume assiened to link 11

N\ total number of links
i | through N\

In adopting the formula for use in this study two
types ol computations were made, one for Lhe
shortest path method and one for the ratio or partial
assignments. The computation of the percent RMS
error for the shortest path method was based on thi
data in Table 8. Page 24 . Because of the “all o
nothing” type of assignment it was necessary to sel
up screenlines in order to develop some reasonable
hasis tor computing the percent RMS error. Shortesl
|lJ||!IIH‘Tth] percent RS error 1s nol rtuiqrurJ[Jr LO
percent RMS error computed for the ratio or partial

assienment methods
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In computing the RMS error for the ratio the percent RMS error for this type of assignment

method or partial assignments the trips as actually (data from Table 4, Page 15 and Table 5, Page 18)
traveled tor each zone to zone movement {'nrrt'r~|unuT follows:
to the “Ground Count”. A .‘*-..'IlllliI{’ t‘HIIIIHI[HliHII ol

South Dakota Travel Time Ratio

Difference
Freeway Actual Assigned (Assigned
Community Community or Alternate Trips Trips Actual)
noux Falls HHawarden. la. I"rrru.l_\ | 2 | O )
\lternate 2( A0 - 0
sioux Falls LLeMars. la. Freew ay | D 24 .
\lternate 27 | Y ()
Sioux Falls sioux Citv. la. 'reeway 304 316 18
\lternate 2] HY 18
( \H remaining zone 1o zone movementls)
| otals 7.388 7.388 ()

l'otal number of movements 34
lotal number of routes 08 x Y Wl ¢

\\. crayue ‘Hiiz:[”;-

l — I —

23 1.662




Roadside interviewing was accomplished, after
the construction of the interstate, at all I-29 crossing
points (grade separations and interchange crossroads)
between the Missouri River and the Minnehaha
Lincoln county line in an attempt to determine th
degree of impedance to east-west traffic caused by
the construction of [-29. Information coded
concerning these interviews included travel distance
before and after completion of 1-29 for all trips 25
miles or less in length. Travel distance was not coded
for trips longer than 25 miles as it was assumed that
no adverse travel would result for the longer lrillh.

'able 10, Page 26 shows the total number of
trips, number of trips of 25 miles or less, number of
trips with additional miles, and number of additional
miles. h} interview station. vehicle I}IH' and distance
between Crossing points.

I'he information aiven In lable 10 indicates that
of a total of 5,036 trips of 25 miles or less crossing
the interstate only Y5, or 1.9% had adverse travel du
to the interstate. T'hese motorists had 170.6 miles of
adverse travel, an average of 1.8 miles per trip. The
total number of trips crossing the interstate, 1t the

lri]rr over 25 miles n lt-ll;3l|l are included. becomes

| .(%

5.672 and the 95 with adverse travel would b
of the total.

PART IV — 1-29 BARRIER EFFECT

\ very small number of motorists wishing to
cross 1-29 are forced to travel additional distance in
order to find a crossing point. Even if all of the
adverse travel caused by the barrier effect of this
segment of 1-29 were eliminated, the road user cost
savings which would accrue would probably not be
sufficient to justify the cost of a single additional
conventional grade separation structure using the
benefit-cost ratio method. The results of the ¢1I|Lll}r~'ir-
indicate that the number of u'rixswnirl;: li{!irllr~ |lFll\'iiIi‘f1
on the segment of 1-29 between the Missouri River
and the Minnehaha - Lincoln county line is entirely
adequate. It should be pointed out, however, that this
conclusion is contingent on the assumption that all
motonsts who crossed the interstate alignment prior
to the construction of 1-29 continued to make about
the same tnps with about the same frequency
?H”thlt}_j the construction of the interstate. It is
Illu'r} ”I;il ~Ome lri|u~ hlllf']l were lll..lilf' llf‘lltll'i'
construction are now made less often or not at all
because of the adverse travel now involved. Sufficient
data concerning crossings of the interstate alignment
i;ritrr to construction 15 not availlable to determine
whether or not a decrease in trips of the adversely
affected Ly pe has taken };ldt-in




[ABLE 1
INTERSTATE 29 USAGE STUDY

FREEWAY TRAFFIC AND VEHICLE MILES
SON OF ORIGIN-DESTINATION INTERVIEW DATA TO GROUND COUNTS

Length
0D of Each Daily Vehicle Miles

Summer 1963 0-D 1-29 Segment

Interchange Location (ADT x 1.3) Data ~" Counts in Miles Traffic Counts O-D
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INTERSTATE 29 USAGE STUDY

"BEFORE"™ AND “"AFTER” VOLUMES BY TRIP PURPOSE OF
PASSENGER VEHICLES AND TOTAL HEAVY TR UCKS WITHIN CATEGORIES

BASED ON OPPORTUNITY FOR TIME AND DISTANCE SAVINGS BY USE OF INTERSTATE 29

-

Passenger Vehicles

Total Number of
Recreation Pass. Heavy Total Movements
Shopping Soc. & Vac. Veh. Trucks Traffic

Involved
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All Major Intra r shorter Via 1-29
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VEHICLE MINUTES AND VEHICLE MILES ASSIGNED TO F Y B ARIOUS PROC RES AND SUMMARY
} 3P o3 ] ot h & wd wral d
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FIGURE 5

SOUTH DAKOTA AND BPR TRAVEL TIME
RATIO ASSIGNMENT CURVES

0.6 0.7 0.8 0.9
FREEWAY

TRAVEL TIME RATIO = —
ALTERNATE

SOUTH DAKOTA TIME RATIO CURVE

----—— BPR TIME RATIO CURVE (INSTRUCTION MANUAL FOR "THE 1965 ESTIMATE

OF THE COST OF COMPLETING THE INTER -
STATE SYSTEM")
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FIGURE B8

MAP SHOWING LOCATION OF

SCREENLINES UTILIZED TO 1 1
DETERMINE ACCURACY OF

ASSIGNMENT METHODS

38

o e




USAGE

OBSERVED

OF

o /{3

TRIPS

ASSIGNEL

o

._: TR

Y% DIST.

&

PERCENTAGE THAT

OF

tj;
0
M { O
-\.‘-H I i.i'ﬁ
o8
B

ASSIGNMENT BASIS

FIGURE 9

M)

M)
o

= B

L

NUMBER OF ASSIGNED TRIPS
ON I-70 IN KANSAS AND I1I-29 IN SOUTH DAKOTA

THE SHORTEST PATH ASSIGNMENT

IS OF ACTUAL

TRIPS
FOR EACH
METHODS




FIGURE 10
COMPARISON OF ACCURACY
ASSIGNMENT TO SIX FREEWAYS OR EXPRESSWAYS

BY THREE OF THE MORE PROMINENT PARTIAL
DIVERSION ASSIGNMENT METHODS
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