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I. INTRODUCTION 

A comprehensive study of freeway operation» design and control 
was initiated in 1963 on a six~mile section of the Gulf Freeway in 
Houston. The project was organized into three major study phases: 
Operations 1 Design, and Systems Analysis. The study of interchange 
traffic was assigned to the Design Phase of the Project. This phase 
has as one of its objectives the development of the travel character­
istics, on the city streets as well as on the freeway, of the traffic 
that interchanges with the freeway. 

Scope of the Study 

The scope of this study is to provide information that will 
reliably describe the travel patterns of the interchange traffic* 
of the Gulf Freeway during periods of peak traffic. A complete survey 
of this traffic will be accomplished by the use of origin-destination 
surveys of ramp traffic, volume counts on the freeway, frontage roads 
and city streets and turning movement studies at major intersections. 
The work of the first year was concentrated on the morning peak traffic 
and the results of the studies presented in this report are for the 
eleven entrance ramps on the inbound side of the Gulf Freeway. 

Analyses of the data are limited to detailed presentations of 
the information that illustrates as many travel characteristics as 
are necessary to describe the patterns of the interchange traffic. 
Some interpretations of the travel patterns are made in the report» 
but the major contribution of this work is the presentation of the 
data. 

Objectives of the Study 

The primary objective is to develop the travel patterns of the 
traffic that entersthe Gulf Freeway from the Reveille Interchange to 
the Distri.bution System at Dowling Street. In particular, the study 
was designed to accomplish the following~ 

( 1) To establish the ••travel corridoru limits, or zone 
of influence of the Gulf Freeway. 

(2) To determine the trip lengths of the traffic entering 
the freeway in the study area. 

(3) To determine the routes used on the city street system 
to approach the Gulf Freeway. 

* Interchange Traffic refers to that traffic that enters the freeway 
by way of one of•the eleven entrance ramps in the study area. 
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'4; T- dPter~i~e tt~ 0 -igi~s a~d des+i~ati~ns c! thP ~~t~rists 
who ec~ta·" the freeway by one of the entrar:ce ramps ir: thA 
st'..ldy ar-:;a 

11. STlJDY PROCEDURES 

The Gulf FrAeway experiences severe co~gestion ~ve~y 
i~g from the Reveille Interchange to Wayside Interchange. 
illustrates the typical traffic volumes from 7:00 to 8:00 

W'38kday ill.'Yt:"'D­

Figure 1. 
A.M. Also 

on this sketch ;;~:r·e eleven entrance ramps that were studied. These r"amps 
were studied iry four groups: 

Group 1: State Highway 35 -The first ramp selected for a 
study was the left hand entrance ramp at State Highway 35. 
The traffic using this ramp did not have a convenient 
a!te~~otq ro'..ltB to bypass the survey·station so that almost 
100 percent usage was experienced during the study. Althnugh 
tt_q :r·a:Ep "ol.u:'l!e was high, there was adequate sto:r-age room f0r 
vehicJE"os delayed at the survey station. This ramp presented 
the best c•>ndi tions for developing the study technique with 
minimu~ disruption to traffic. 
G:~oup 2: State. Highway 225, Woodridge Ramp, Mossrose Ramp ·­
The second survey was conducted two months later on the next 
three ~a~ps in the freeway ·system. These three were grouped 
toge~h~~ so that traffic bypassing one of the ramps would 
ev<:'PJl;a'1;v P.PtPr the freeway at or.e of the study :t"amps, because 
r:.f ~:h:c., dt;,:;cnr:d;inuo'JS frontage road at G~iggs Road, 
Grnup 3; Griggs Ramp, Ways:i.de Ra:<r:p, Telephone Road:- Dumb 1.A 

Ra~p ~ ~h~ th1rd ~u~vey was conducted twn ~onths late~ on the 
rp.x+; f.ou.c· :ra::r.,ps dow.'J.st:rea'l!. Again, the d:iscor:.ti.n.uous :L~orctage 

.~c::~d a+; +b_,c. DT'7.bl·? Area P:r-even.tE'd traffic from bypassing the 
St'.ldy J:·a;TpS tO P.Lt:FJ.f' the ·FV:AF;Way, 

G~aup 4: Cullen South Ramp, Cullen North Ramp, Scott Ramp -
One :'l!o~th late~ the fourth survey was conducted on the 
-~·ema ining th:cee :':'amps. A l!.n:·ge Pumber of vehicles bypassed 
the study area and continued to the business district on the 
f.-.:·s;~.tagF, road. No attempt was made to encourage this traffic 
tc, e"'-te:r the freeway at one of the study ramps. 

Data Collection Procedure 

All. study techniques designed tc give information on the o~igin and 
ds~tinat!o~ nf ~otor vehicl~ trips WPr6 co~sidered for USA i~ this su~~ey. 
Two 1i~ita+~~~s p1ac~d on thF study we~e that disruption of the traff!c 
had t'"' be a+ a mi!:.imu'l' when w -·:rki:r:.g wtth f:reeway tr.aff ic and +he survey 
was C 0~cerned with that specific group of motorists that ente=ed the 
frpsway i~ +be study area fr0T one of the eleven ramps during th6 ~orning 
reak. 



The "lights on" technique1 'i' was considered because it can be 
applied to a specific segment of traffic, such as ent"l:'ancR ramp t;r.affi.c, 
This procedure instructs all motorists in the traffic stream to be 
studied to turn on their headlights. Observers stationed at various 
locations record the vehicles' positions. This technique was rejRcted 
because the data were limited only to the travel patterns of the inter­
change traffic on the freeway lanes. 

The roadside interview technique was rejected because of the delay 
and inconvenience to the motorists and the possible distraction to the 
freeway traffic. Home or business interviews would require a very 
large sample to obtain sufficient data from the particular segment of 
the freeway traffic that is being studied. 

,A technique which combines the use of field observations and :mailed 
2 questionnaires was developed for use in a Los Angeles Freeway study and 

later adapted for use in a study in Chicago. 3 This procedure requires 
that. the license plate numbe:rs of all vehicles using the :ramp during the 
study period be recorded, The names and addressesof the vehicle owneTs 
are then obtained from Motor Vehicle Registration records and question­
naires with return postage guaranteed envelopes enclosed are mailed to 
these persons, Since favorable returns were received in the studies 
in Los Angeles and Chicago, the same type of questionnaire form and da•a 
return by mail procedure were selected for this study. 

However, the method of distribution of the questionnaires was 
changed. Each motorist entering the ramp during the study period was 
stopped and issued a questionnaire, return postage guaranteed envelopP. 
and a letter of explanation (Figures 2, 3, & 4). The forms we-r:e 'issued 
at a rate faster than the vehicles could merge into the freeway so that 
the mntorists did not experience ~ny additional delay (Figure 5) 
This procedure has several advantages: 

l 100 percent distribution is assured. 

2. MotC'rists :may fill out the form immediately after 
the trip in question. 

3. Office work in preparing the forms for distribution is 
:r·ectuced. 

4. Forms are received by the driver of the vehicle making 
the trip and not by the owner of the vehicle. 

5. Recording and addressing errors are eliminated. 

6. Time of arrival. for each vehicle can be determined 
accurately. 

:~: Numbers refer to references listed at the end of the paper. 



0-D STUDY - GULF FREEWAY 915 
QUESTIONNAIRE 

LA PORIE RD 

The following questions concern the trip being made at the time you receive 
this questionnaire. 

1, Please draw a line directly on the above street map showing the route you 
followed in reaching the indicated entrance ramp. If the origin of the trip is 
not included in the area shown, extend the route to the border of the map, 

2, Where did this trip begin? 

Street Add:ress City 

3. Where did this trip end? 

Street Address City 

4. What exit ramp did you use to leave the freeway? 

~it No, 7-Wayside Exit No. 4-Calhoun-Elgin 
__ Exit No, 6-Telephone ~it No. 3-Cullen 
~it No. 5-Lombardy ____ Exit No. 2-Scott 

Time of Day 

Time of Day 

(Check One) 

~it No. 1-Sampson 
____?ease Street 
__ us 75 North-Calhoun St. 

5, How often is this trip made between 6:30 and 8:30a.m. (Check One) 

____seldom __ Twice per week _Four times per week 
__ Once per week __ Three times per week __ Five or more times per week 

6. Do you ever use other routes to make this trip? ______ yes no. 
If yes, what major streets are used? _________________ _ 

After you have completed this questionnaire, please mail it back to us in 
the addressed envelope at your earliest convenience to the Texas Highway Depart­
ment, Research JToject, P. 0. Box 26656, Houston, Texas 77032. 

THANK YOU FOR YOUR COOPERATION 
FIGURE 2 
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COMMISSION 

>-lf.l!E;r.~ C ~:r~· JP CUA!~VAN 

HAL WOQOWA~D 
J. 1-l. KULTGEN 

Dear Motorist: 

TEXAS HIGHWAY DEPARTMENT 

STATE HIGHWAY ENGINEEflt 

D. C. GREER 

IN REPLY REFER TO 

FILE NO. 

We need your help in a Special Traffic Study of the Gulf Freeway 
which is being conducted in cooperation with the Texas Transportation 
Institute. This study has the objective of providing safer and more 
efficient operation on the Gulf Freeway. In order to develop better 
traffic operation on freeways, it is necessary to learn how the 
individual motorist uses them. 

You are not required to sign any form and the information provided 
by you will be kept confidential. We would appreciate your completing 
the attached questionnaire as accurately as possible and returning it 
toour office. 

Your participation and cooperation in this survey will be greatly 
appreciated. 

FIGURE 4 
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Data Reduction Procedure 

As the returns were received through the mails~ the forms were 
coded according to the items listed in Appendix A. The origins and 
destinations were assi~ned zones according to the official coding index 
of the City of Houston , and the Origin~Destination Survey of HoustonS 
Metropolitan Area conducted by the Planning Survey Division of the 
I~xas Highway Department. Other information was zoned in a convenient 
order for tabulation. 

The data were put on IBM punch cards and the various tabulations 
required to catagorize the infurmation were made. 

III. RESULTS OF STUDIES 

The response to the surveys was very favorable (Table 1). The 
overall return was approximately 57 percent and the response from some 
of the critical ramps such as SH 35, Mossrose~ and Griggs Road was higher. 
The validity of the results is further substantiated by the fact that 
more than 90 percent of the returns indicated that this trip was made 
5 or more times during the week. 

TABLE i 

Schedule of 

ORIGIN~DESTINATION STUDIES 

Number of Number of Percent of 
Questionnaires Questionnaires Total 

Ramp Distributed Returned Distributed 

1963 S,H, 35 1200 783 65,3 
1%4 S,H, 225 718 419 58.4 

Woodridge ~ 609 395 65,0 
Mossrose 750 493 65,8 

1964 Griggs Road 1000 596 59.6 
Wayside 539 248 46.0 
Telephone Rd. 598 288 48.1 
Dumble 559 226 40.4 

1964 Cullen South 470 247 52,6 
Cullen North 299 148 49.5 
Scott 149 ----22 39,6 

Total 6891 -3902 56.7 



In the following sections the information has been analyzed and 
tabulated for each individual ramp and then combined to present the 
combined effect of interchange traffic on the freeway and city street 
system, 

Traffic As~ignment 

Questionnaires were distributed at each of the eleven ramps from 
approximately 6:45 to 8:30A.M. The number of vehicles entering the 
freeway dudng this period at each ramp is shm-.rn in Figure 6, Other 
numbers shown on the frontage roads and city street system are 
indications of how the ramp traffic is distributed over the approach 
routes, These are combined volumes with all eleven ramps represented 
on the one drawing, Figures 7 through 17 show the same informatiqn for 
individual ramps, · 

The volumes at the intersections near the freeway are very accurate 
because the freeway system is limited to a few access streets and because 
sketches included on the questionnaires provide some information on 
approach routing, The volumes shown at some di€-tance (over one miley, 
from the freeway are assigned to the street system according to the 
lo~ation of the trip origins. These are somewhat in error due to the' 
omtssion of minor streets that are used as ·feeders to the major street 
system. 

This information is :i.mportant in the study of traffic reassignment~ 
which is necessary when ramps are to be controlled» or signal timing 
systems are to be altered. These figures can be broken down into any 
time intervals so that the control period volumes can be studied separately. 

Summary Iables 

Tables 2 through 12 present some of the data from the returns for 
:-:he individual ramps. The data on the present return 9 the exit ramp 
used 9 frequency of use» and the use of altern~~e routes are presented in 
15~minute ti.me periods. Totals» shown for the forms returned 9 are expanded 
for the total number distributed. In every case this expansion is based 
on the percent return only. The totals for each time interval can be 
expanded based on the rate of return of the forms distributed during that 
period, This rate seems to vary according to the degree of difficulty 
expe:t'ienced by the motorists. The more serious the problem~ the higher 
the respon&e rite, 

The distance in miles bttween the entrance ~amp and every downstream 
exit ramp is included on the form, With these freeway trip lengths and 
the number of vehicles using each exit ramp, the distribution and average 
of the .freeway trips for each ramp can be obtained, 
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TABLE 2 

llliGUL'l't> OF QU.e:STIONNAIRES 
RECEIVED FROM 225 RAMP 

Time of Day Entered Freeway 
6:58 7:00 7:15 7:30 7:45 8:00 8:15 
to to to to to to to Expanded 

7:00 7:15 7:30 7:45 8:00 8:15 8:23 Total Totals 

Total No. Distributed 37 137 135 117 89 135 68 718 718 
Total No. Returned 20 81 86 67 49 72 37 419 718 
Percent Return 54.1 59.1 63.7 57-3 55.1 53.4 54.4 58.4 100.0 

Distance 
Exit Ramp Used in miles 

No. 9 - Woodridge 0.15 -- 1 -- -- -- -- -- 1 2 
No. 8 - Griggs 0. 70 -- -- -- -- -- 1 -- 1 2 
No. 7 - Wayside 1.23 -- -- -- 1 4 3 2 10 17 
No. 6 - Telephone 2.06 -- -- -- -- 1 1 -- 2 3 
No. 5 - Lombardy 2.56 -- 1 -- 3 -- -- 1 5 9 
No. 4 - Calhoun 3.05 2 6 6 6 2 8 2 32 56 
No. 3 - Cullen 3.64 3 4 -- 5 4 4 2 22 38 
No. 2 - Scott 4. 07 -- 3 1 1 1 4 -- 10 17 
No. 1 - Sampson 4.38 -- 4 6 1 3 6 2 22 38 
Pease 4.89 5 37 33 25 20 21 16 157 274 
US 75 - Calhoun 4.89 9 22 39 24 13 22 13 142 247 
Did not indicate 1 3 1 1 1 2 1 10 17 

Frequency of Use 

Seldom -- 4 3 1 2 8 5 23 4o 
Once/week -- 1 1 1 1 -- 1 5 9 
Twice/week -- 1 -- 2 1 -- 2 6 10 
Three/week -- 1 -- 4 2 1 1 9 16 
Four/week -- 1 1 -- 1 -- 2 5 9 
Five or more/week 20 73 81 59 41 63 28 365 636 
Did not indicate -- -- -- -- 1 -- -- 1 2 

--
Other Routes 

Yes 4 21 18 15 13 21 17 109 190 
No 16 59 67 50 34 50 21 297 517 
Did not indicate -- 1 1 2 2 1 1 8 14 



TABLE 3 

RESULTS OF QUESTIONNAIRES 
RECEIVED FROM STATE 35 TRAFFIC 

Time of Day Traffic Entered Freeway 
6:45 7:00 7:15 7:30 7:45 8:00 8:15 
to to to to to to to Expanded 

7:00 7:15 7:30 7:45 8:00 8:15 8:30 Total Totals 

Total No. Di.stributed 121 201 195 181 174 175 153 1200 1200 
Total No. Returned 75 125 131 130 114 120 88 783 1200 
Percent Return 62.0 62.1 67.0 'Tl. 7 65.4 68.5 57.5 65.3 100.0 

Distance 
Exit Ram.E_ Used in miles 

No. 9 - Woodridge 
No. 8 - Griggs 0.49 2 1 1 -- 3 1 3 11 17 
No. 7 - Wayside l. 02 1 11 2 7 5 10 10 46 71 
No. 6 - Telephone 1.85 1 l 2 3 4 6 3 20 31 
No. 5 - Lombardy 2.35 2 2 4 6 9 2 2 27 41 
No. 4 - Calhoun 2.84 3 7 6 5 14 8 5 48 74 
No. 3 - Cullen 3.43 3 2 1 2 6 8 4 26 4o 
No. 2 - Scott 3.85 3 4 3 4 3 2 2 21 32 
No. 1 - Samp.son 4.16 6 10 6 9 4 5 7 47 72 
Pease 4.67 25 49 51 50 34 37 33 279 427 
Us 75 - Calhoun 4.67 15 34 46 4o 32 40 16 223 341 
Did not indicate 14 4 9 4 -- 1 3 35 54 

Frequency of Use 

Seldom -- 1 2 1 4 3 4 15 23 
Once/week -- 1 1 1 2 2 -- 7 11 
Twice/week -- -- 2 -- 3 2 5 12 18 
Three/week -- 1 1 1 3 3 6 15 23 
Four/week 6 -- 2 2 -- 3 1 14 21 
Five or more/week 66 121 122 124 102 107 70 712 1092 
Did not indicate 3 1 1 1 -- -- 2 8 12 

Other Routes 

Yes 17 15 29 43 43 4o 29 216 331 
No 56 109 101 86 70 So 58 56o 848 
Did not indicate 2 1 1 1 1 -- 1 7 11 



TABLE 4 
RESULTS OF QUESTIONNAIRES 

RECEIVED FROM WOODRIDGE 

Time of Day Traffic Entered Freeway 

6:45 7:00 7:15 7:30 7:45 8:00 8:15 
to to to to to to to Expanded 

7:00 7:15 7:30 7:45 8:00 8:15 8:38 Total Totnls 

Total No. Distributed 50 76 119 133 96 66 69 6o9 6o9 
Total No. Returned 29 4o 78 108 66 36 38 395 6o9 
Percent Return 58.0 52.6 65.5 81.2 68.8 54.5 55.1 65.0 100.0 

Distance 
Exit Ramp U:::;ed in miles 

No. 9 - Woodridge 
No. 8 - Griggs 0.21 
No. 7 - Wayside 0.74 l 2 l 9 7 9 4 33 51 
No. 6 - Telephone 1.57 -- -- 2 l l -- l 5 8 
No. 5 - Lombardy 2.07 l -- l 5 6 -- l 14 22 
No. 4 - Calhoun 2.56 2 l 7 11 6 l 4 32 49 
No. 3 - Cullen 3.15 3 -- -- 4 5 3 3 18 28 
No. 2 - Scott 3.57 -- -- 3 5 2 -- -- 10 15 
No. l - Sampson 3.88 l 2 6 5 5 -- 4 23 35 
Pease 4.39 11 17 33 35 18 10 l2 136 212 
US 75 - Calhoun 4.39 9 16 24 31 15 11 8 114 174 
Did not indicate l 2 l 2 l 2 l 10 15 

Frequency of Use 

Seldom -- l -- l l -- 3 6 9 
Once/week -- -- -- l -- -- -- l 2 
Twice/week -- -- l -- -- 2 l 4 6 
Three/week -- -- l -- -- l l 3 5 
Four/week -- -- l -- -- 2 l 4 6 
Five or more/week 29 39 73 106 65 31 32 375 578 
Did not indicate -- -- 2 -- -- -- -- 2 3 

Other Routes 

Yes 11 19 23 4o 32 15 21 161 248 
No 18 21 55 66 33 21 17 231 356 
Did not indicate -- -- -- 2 l -- -- 3 5 



TABLE 5 
RESULTS OF QUESTIONNAIRES 

RECEIVED FROM GRIGGS-MOSSROSE RAMP 

Time of Day Traffic Entered Freeway 
6:50 7:00 7:15 7:30 '{: 45 8:00 8:l;J 
to to to to to to to Expanded 

7:00 7:15 7:30 7:45 8:00 8:15 8:22 Total Tol.als 
·-

Total No. Dictributcd 24 145 11•3 164 179 71 24 750 750 
Total No. Returned 14 101 93 113 114 45 13 493 750 
Percent Return 58.4 69.6 65.0 69.0 63.6 63.5 54.1 65.8 100.0 

Distance 
Exit Ramp Use<l in miles 

No. 9 - Woodrld.ge 
No. 8 - Griggu 
No. 7 - Waysi(le .32 1 15 15 22 4o 14 4 111 169 
No. 6 - Telephone l. 15 -- ].. 7 5 7 3 2 25 38 
No. 5 - Lombardy 1. 6 5 -- 4 3 8 8 2 -- 25 38 
No. 4 - Calhoun 2. 14 -- 7 4 8 10 4 1 34 52 
No. 3 - Cullen 2.73 -- 2 3 5 5 1 1 17 26 
No. 2 - Scott 3.15 -- 2 3 1 1 1 -- 8 12 
No. 1 - Sampson 3.46 2 7 7 8 3 2 1 30 46 
Pease 3.97 8 39 36 32 18 10 3 146 221 
US 75 - Calhoun 3.97 2 19 12 22 22 6 1 84 128 
Did not indicate 1 5 3 2 -- 2 -- 13 20 

Freq_uency of Uae 

Seldom -- -- -- -- -- 3 -- 3 5 
Once/week -- 1 -- -- -- 1 -- 2 3 
Twice/week -- -- 2 -- -- -- 1 3 5 
Three/week -- 2 -- -- -- -- -- 2 3 
Four/week -- -- 1 1 2 1 -- 5 8 
Five or more/week 14 96 90 112 112 4o 12 476 723 
Did not indicate -- 2 -- -- -- -- -- 2 3 

Other Routes 

Yes 5 37 37 35 58 19 7 198 301 
No 9 61 56 76 )5 24 6 287 43'( 
Did not indicntc -- 3 -- 2 l 2 -- 8 12 



TABLE 6 
RESULTS OF QUESTIONNAIRES 

RECEIVED FROM GRIGGS TRAFFIC 

Time of Day Traffic Entered Freeway 

6:45 7:00 7:15 7:30 7:45 8:00 8:15 
to to to to to to to Expanded 

7:00 7:15 7:30 7:45 8:00 8:15 8:30 Total Totals 

Total No. Distributed 152 149 116 183 162 138 100 1000 1000 
Total No. Returned 73 92 76 120 99 78 56 596 1000 
Percent Return 48.1 61.7 65.5 65.6 61.1 56.5 56.0 59.6 100.0 

Distance 
Exit Ramp Used in miles 

No. 9 - Woodridge 
No. 8 - Griggs 
No. 7 - Wayside -- l l l 2 2 -- 7 12 
No. 6 - Telephone 0.30 2 l -- l 4 l l 10 17 
No. 5 - Lombardy 0.80 -- -- -- 5 6 -- l 12 20 
No. 4 - Calhoun 1.29 3 7 5 7 9 10 4 45 76 
No. 3 - Cullen 1.88 -- -- 3 -- 5 6 4 18 30 
No. 2 - Scott 2.30 3 -- -- 3 7 'l 2 16 27 
No. l - Sampson 2.61 7 8 8 16 6 5 5 55 92 
Pease 3.12 29 41 36 50 34 25 17 232 391 
U.S. 75 - Calhoun 3.12 19 30 20 30 21 21 18 159 268 
Did not indicate 10 4 3 7 5 7 4 40 67 

Frequency of Use 

Seldom l 3 2 -- 3 3 4 16 27 
Once/week -- -- l -- 4 l 2 8 13 
Twice/week l -- -- 4 -- 2 4 ll 19 
Three/week l l l -- 2 3 2 10 17 
Four/week l -- -- 2 2 l l 7 12 
Five or more/week 68 87 72 114 88 67 43 539 907 
Did not indicate l l -- -- -- l -- 3 5 

Other Routes 

Yes 25 39 32 43 41 38 ll 229 386 
No 46 53 44 77 57 40 45 362 609 
Did not Indicate 2 -- -- -- l -- -- 3 5 



J,rll..J.J-J..L..I I 

RESULTS OF QUESTIONNAIRES 
RECEIVED FROM WAYSIDE TRAFFIC 

Time of Day Traffic Entered Freeway 

6:45 7:00 7:15 7:30 7:45 8:00 8:15 
to to to to to to to Expanded 

7:00 7:15 7:30 7:45 8:00 8:15 8:30 Total Totals 

Total No. Distributed 25 71 85 86 87 78 107 539 539 
Total llo. Returned 10 30 41 43 42 35 44 248 539 
Percent Return 40.0 42.3 48.3 50.0 47.3 44.8 41.2 46.0 100.0 

Distance 
Exit Rwnp !Jsed in miles 

No. 9 - Woodridge 
No. 8 - Griggs 
No. 7 - Wayside 
No. 6 - TeLephone 0.08 -- -- l -- -- -- -- l 2 
No. 5 - Lombardy 0.58 -- -- l -- -- l 2 3 7 
No. 4 - Calhoun 1.07 l 5 2 7 5 6 6 32 70 
No. 3 - Cullen 1.66 l 3 l -- 4 l 2 12 26 
No. 2 - Scott 2.08 -- -- 2 -- -- -- l 3 7 
No. l - Sampson 2.39 -- l 2 4 l 2 -- 10 22 
Pease 2.90 l 6 15 15 14 5 18 74 163 
U.S. 75 - Calhoun 2.90 4 14 14 14 15 12 11 85 187 
Did not indicate 3 l 3 3 3' 8 4 25 55 

Freguencz of Use 

Seldom -- 5 l 3 3 3 7 22 48 
Once/week -- -- 2 l 2 2 1 8 18 
Twice/week -- 1 -- l 1 l -- 4 9 
Three/week -- -- -- l l -- 3 5 ll 

Four/week -- -- l 3 1 2 l 8 18 
Five or more/week 10 24 36 34 32 26 32 194 426 
Did not indicate -- -- 1 -- 2 1 1 4 9 

Other Routes 

Yes 7. 12 20 23 16 15 19 112 246 
No 3 17 21 19 23 19 24 126 277 
Did not indicate -- 1 -- l 3 1 1 7 15 



TABLE 8 
RESULTS OF QUESTIONNAIRES 

RECEIVED FROM TELEPHONE TRAFFIC 

Time of Day Traffic Entered Freeway 

6:45 7:00 7:15 7:30 7:45 8:00 8:15 
to to to to to to to Expanded 

7:00 7:15 7:30 7:45 8:00 8:15 8:30 Total Totals 

Total No. Distributed 79 51 144 112 93 79 41 599 599 
Total No. Returned 36 20 76 60 37 40 17 288 599 
Percent Return 45.6 39.2 52.7 53.6 39.8 50.6 41.5 48.1 100.0 

Distance 
Exit Ramp Used in miles 

No. 9 - Woodridge 
No. 8 - Griggs 
No. 7 - Wayside 
No. 6 - Telephone 
No. 5 - Lombardy 0.19 3 -- -- -- l l l 6 13 
No. 4 - Calhoun 0.68 7 2 5 8 3 5 2 32 67 
No. 3 - Cullen 1.27 2 l -- 2 2 3 -- 10 21 
No. 2 - Scott 1.69 l l l 3 -- l -- 7 15 
No. l - Sampson 2.00 3 -- 5 -- 4 -- -- 12 25 
Pease 2.51 5 7 35 19 10 14 6 96 201 
U.S. 75 - Calhoun 2.51 8 6 19 20 ll 9 4 77 161 
Did not indicate 7 3 ll 8 6 7 4 46 96 

Freguency of Use 

Seldom 2 l 2 l -- l 4 ll 23 
Once/week -- -- 2 -- -- l -- 3 6 
Twice/week l -- -- l 2 -- 2 6 13 
Three/week 2 -- 2 l 4 l 2 12 25 
Four/week -- l l 3 l -- 3 9 19 
Five or more/week 29 18 67 53 28 36 6 237 496 
Did not indicate 2 -- 2 l 2 l -- 8 17 

Other Routes 

Yes 15 10 38 25 15 19 10 132 276 
No 20 9 35 32 20 20 6 142 298 
Did not indicate l l 3 3 2 l l 12 25 



TABLE 9 
RESULTS OF QUESTIONNAIRES 

RECEIVED FROM DUMBLE TRAFFIC 

Time of Day Traffic Entered Freeway 

6:45 7:00 7:15 7:30 7:45 8:00 8:15 
to to to to to to to Expanded 

7:00 7:15 7:30 7:45 8:00 8:15 8:30 Total Totals 

Total No. Di.stributed 37 69 95 116 72 94 76 559 559 
Total No. Returned 14 26 33 62 29 38 23 226 559 
Percent Return 37.8 37.7 34.8 58.5 40.3 40.4 30.2 40.4 100.0 

Distance 
Exit Ramp Used in miles 

No. 9 - Woodridge 
No. 8 - Grig~s 
No. 7 - Wayst.de 
No. 6 - Telephone 
No. 5 - Lombardy 2 2 3 l -- 2 l ll 27 
No. 4 - Calhoun l l 2 4 l 3 -- 12 30 
No. 3 - Cullen 0.39 2 -- l -- l 4 2 10 25 
No. 2 - Scott 0.81 -- -- -- -- -- l l 2 5 
No. l - Sampson 1.12 l l 4 2 l -- -- 9 22 
Pease 1.63 l 8 9 28 ll ll 9 77 190 
U.S. 75 - Calhoun 1.63 7 12 ll 22 7 13 9 81 200 
Did not indicate -- 2 3 5 8 4 l 23 60 

Freguency of Use 

Seldom 2 -- -- l 4 -- 5 12 30 
Once/week -- -- l -- -- l -- 2 5 
Twice/week -- -- -- -- -- 2 -- 2 5 
Three/week -- -- -- -- l l -- 2 5 
Four/week -- l -- l l -- -- 3 7 
Five or more/week 12 25 32 60 21 34 18 202 502 
Did not indicate -- -- -- -- 2 -- -- 2 5 

Other Routes 

Yes 3 14 15 25 9 l7 10 93 232 
No ll 12 18 36 17 20 13 127 315 
Did not indicate -- -- -- l 3 l -- 5 12 



TABLE 10 
RESULTS OF QUESTIONNAIRES 

RECEIVED FROM CULLEN SOUTH TRAFFIC 

Time of Day Traffic Entered Freeway 

6:45 7:00 7:15 7:30 7:45 8:00 8:15 
to to to to to to to Expanded 

7:00 7:15 7:30 7:45 8:00 8:15 8:30 Total Totals 

Total No. Distributed 62 59 76 60 71 59 83 470 470 
Total No. Returned 28 33 45 37 38 25 41 247 470 
Percent Return 45.2 55.9 59.2 61.7 55.5 42.4 49.4 52.6 100.0 

Distance 
Exit Ramp Used in miles 

No. 9 - Woodridge 
No. 8 - Griggs 
No. 7 - Wayside 
No. 6 -Telephone 
No. 5 - Lombardy 
No. 4 - Calhoun 
No. 3 - Cullen 
No. 2 - Scott 0.13 
No. l - Sampson 0.44 -- -- l -- -- l l 3 6 
Pease 0.95 14 13 20 -- 21 8 16 92 175 
u.s. 75 - Calhoun 0.95 ll 19 22 20 16 15 22 125 238 
Did not indicate 3 l 2 17 l l 2 27 51 

Freguency of Use 

Seldom 3 -- -- -- -- -- 4 7 13 
Once/week -- -- l l l -- -- 3 6 
Twice/week -- -- -- 2 2 l l 6 ll 
Three/week l -- -- -- l 2 2 6 ll 
Four/week -- l -- -- -- -- -- l 2 
Five or more/week 24 32 44 34 34 22 34. 224 427 
Did not indicate 

Other Routes 

Yes 6 5 16 10 ll 10 13 7l 135 
No 22 27 29 27 27 15 26 173 329 
Did not indicate -- l -- -- -- -- 2 3 6 



TABLE ll 
RESULTS OF QUESTIONNAIRES 

RECEIVED FROM CULLEN NORTH TRAFFIC 

Time of Day Traffic Entered Freeway 

6:45 7:00 7:15 7:30 7:45 8:00 8:15 
to to to to to to to Expanded 

7:00 7:15 7:30 7:45 8:00 8:15 8:30 Total Totals 

Total No. Distributed 23 40 57 46 49 36 48 299 299 
Total No. Returned 9 25 35 18 23 18 20 148 299 
Percent Return 39.1 62.5 61.4 39.2 46.9 50.0 41.7 49.5 100.0 

~--

Exit Ramp Used 
Distance 
in_miles 

No. 9 - Woodridge 
No. 8 - Griggs 
No. 7 - Wayside 
No. 6 - Telephone 
No. 5 - Lombardy 
No. 4 - Calhoun 
No. 3 - Cullen 
No. 2 - Scott 0.07 -- -- -- -- -- -- 1 1 2 
No. 1 - Sampson 0.38 -- 1 2 -- -- -- 1 4 8 
Pease 0.89 5 14 17 10 1 7 11 65 132 
US 75 - Calhoun 0.89 3 7 15 7 12 11 6 61 123 
Did not indicate 1 3 1 1 10 -- 1 17 34 

Freguency of Use 

Seldom -- -- 2 -- -- l -- 3 6 
Once/week -- -- -- -- -- -- 2 2 4 
Twice/week l l -- l 1 -- l 5 10 
Three/week l l -- -- l -- -- 3 6 
Four/week -- l 2 -- -- -- -- 3 6 
Five or more/week -- 22 31 17 21 17 16 124 251 
Did not indicate 7 -- -- -- -- -- 1 8 16 

Other Routes 

Yes l 7 13 3 5 8 4 41 83 
No 8 18 22 15 18 10 15 106 214 
Did not indicate -- -- -- -- -- -- 1 1 2 



TABLE 12 
RESULTS OF QUESTIONNAIRES 

RECEIVED FROM SCOTT TRAFFIC 

Time of Day Traffic Entered Freeway 

6:45 7:00 7:15 7:30 7:45 8:00 8:15 
to to to to to to to Expanded 

7:00 7:15 7:30 7:45 8:00 8:15 8:30 Total Totals 

Total No. Distributed l 21 19 27 28 33 20 149 149 
Total No. Returned l 7 8 15 12 7 9 59 149 
Percent Return 100.0 33.3 42.1 55.6 42.8 21.2 45.0 39.6 100.0 

- ---- ~-- -· ··--·-- -

Distance 
Exit Ramp Used in miles 

No. 9 - Woodridge 
No. 8 - Griggs 
No. 7 - Wayside 
No. 6 - Telephone 
No. 5 - Lombardy 
No. 4 - Calhoun 
No. 3 - Cullen 
No. 2 - Scott 
No. l - Sampson 0.02 
Pease 0.53 -- 3 l 8 7 2 3 24 61 
u.s. 75 - Calhoun 0. 53 l 2 6 7 4 5 2 27 68 
Did not indicate -- 2 l -- l -- 4 8 20 

Freguency of Use 

Seldom -- -- -- -- l l -- 2 5 
Once/week -- l -- l -- -- 3 5 13 
Twice/week -- -- 2 -- -- l -- 3 8 
Three/week -- -- -- l -- -- l 2 5 
Four/week 
Five or more/week l 6 6 13 ll 5 5 47 119 
Did not indicate 

Other Routes 

Yes -- 2 3 7 3 3 7 25 63 
No l 5 5 8 9 4 2 34 86 
Did not indicate 



Freeway Trip Lengths 

The trip lertgths of traffic entering the study section from the 
entrance ramps were determined from the ramp spacing. The fact ther.t the 
study area was in the last five miles of the freeway which ends at the 
distribution system to the downtown street system accounted for the 
large percentages of traffic destined for the end of the freeway. The 
number of vehicle.s destined for each of the ramps is listed in Tables 
2 through 12. A summary of the average trip lengths compared to the 
maximum trip lengths is shown in Table 13. The only unusual feature 
of this table is the apparent reversal of the trend in average trip 
length at the Griggs Road. This reversal is due to the large decrease 
in Average Trip Length at the Mossrose Ramp. Table .5 indi,cates a high 
volume of traffic entering at Mossrose and exiting at WaysideJ a total 
freeway trip of 0.32 m~les. The reason for this short freeway trip is 
the discontinuous frontage road at Griggs Road. Although in absolute 
numbers the short trips on the freeway are small 9 their effect on the 
freeway operations is magnified during periods of heavy traffic congestion. 
It is apparent that some attempt should be made to eliminate the:se trips 
from the freeway lanes. 

Freeway Area of Influence 

To define the area of influence the Gulf Freeway has on the travel 
patterns in the Houston Areav the desire lines for all trips using the 
freeway during the morning peak were plotted (Figures 18 and 19). More 
than 90 percent of all origins fell within one mile on either side of 
the freeway, A tabulation of the trips from zone of origin to zcne of 
destination is presented in Appendix B. These zonal interchanges represent 
the 6.5.7 percent return received for the entire study. 

Trip Desire Lines 

The areas of influence for the individual entrance ramps are 
indicated on the drawings of the origin=destination desire lines with 
the freeway link included (Figures 20~30). These drawings indicate 
how far from the freeway diversion may be effective if entrance ramps 
are to be controlled. These presentations also illustrate the distri­
bution of freeway trip lengths from each of the entracce ramps. The 
desire lines point out the possible diversion of some traffic to more 
suitsble travel routes on the surface street system. 

The areas of influence for individual exit ramps are shQlwn in the 
drawings of the exit ramp-destination desire lines, (Figures 31 40). 
Sin~e the ~rigins of these trips were represented in the pre~eding 
section~ they were not replotted on these drawings. 



E~TRANCE -RAMP 

State Hwy, 225 

State Hwy. 35 

Wood.ddge 

.Mossrose 

Gnggs 

Wayside 

Telephone 

Dumble 

Cullen South 

Cull en North 

Scott 

TABLE 13 
FREEWAY TRIP LENGTH 

FOR VEHICLES 
ENTERING GULF FREEWAY 

AVERAGE TRIP LENGTH 
(Mi~ 

4.37 

3.99 

3,69 

2.65 

2.75 

2.48 

2.12 

1.53 

0.94 

0,87 

0.53 

MAXIMUM TRIP LENGTH* 
(Mi) 

4.89 

4,68 

3.98 

3,12 

2,90 

2.52 

1.63 

0;89 

0,53 

·~ - Maximum Trip Length is the distance from the Entrance Ramp to the Distribution 

System at Dowling Street. 
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Diversion of Ramp Traffic 

In each of the four origin-destination surveys, some traffic 
diversion was noted. Although some of the diversion was caused by 
the study itself, most of the drivers were seeking a better way 
to complete their trip. The following statements concerning the 
diversion are based on comments received by the motorists and on 
daily observations of the traffic patterns at these ramps: Figure 6 
is used to reference the routes used to bypass the ramps. 

State 35 Entrance Ramp - The lack of a convenient bypass route 
for this ramp reduces the amount of diversion. It was noted, 
however, that if the queue at the ramp were sufficiently long to 
extend past the Holmes Road Overpass, the approaching traffic would 
divert through an adjacent Shopping Center Parking Lot to Woodridge. 
During the day of the survey, approximately ten percent of the total 
ramp volume of 1350 vehicles per two hours used this alternate route. 

State 225, Woodridge and Mossrose Entrance Ramps - It has been 
observed that as the congestion develops on the freeway in the 
Reveille Interchange, traffic approriching from the east on State 225 
diverts to the frontage road and continues to the entrance ramps 
downstream at Woodridge and Mossrose. From the questionnaires 
returned, the following estimates of the volume of traffic bypassing 
these ramps from 6:45 to 8:30 A.M. can be made: 

Ramp Total Number Entering Total Number Bypassing 

State 225 718 670 

Woodridge 609 412 

Moss rose 750 

Griggs, Wayside, Telephone. and Dumble Entrance Ramps - The volume 
of traffic bypassing these ramps via the frontage road is very small. 
The intersections at Wayside and Telephone restrict the movement along 
the frontage road enough to discourage its use as a bypass route. Also, 
the operating characteristics of the freeway and ramps at these locations 
are good during the entire peak period. There is some diversion evident 
in the selection of routes to approach the freeway. It is felt that 
the conditions on the street system have more effect on the selection 
of routes than the entrance ramp to be used. A breakdown of the 
traffic volumes that bypass upstream ramps are listed below: 

Ramp Total Number Entering Total Number Bypassing 

Griggs 1000 87 

Wayside 539 103 

Telephone 599 67 

Dumble 559 
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Cullen and Scott Entrance Ramps - A large volume of traffic 
bypasses these ramps because the continuous frontage roads provide an 
acceptable route to the end of the freeway. Very few vehicles 
passing these ramps use the downstream ramp to enter the freeway. 

Alternate Routes 

Question number 6 on the questionnaire is concerned with the 
use of alternate routes on the city street system to avoid the use 
of the freeway. The tabulations of the answers are given in Tables 2-12. 
Thirty-six percent of the interchange traffic have used other routes. 
This indicates that many motorists are willing to try, and perhaps 
continue to use, other routes if they result in improvements over the 
freeway trip. 

The streets named as alternate routes are included on the map 
in Figure 6. This information was helpful in designating alternate 
routes to be used in ramp control studies. 

Comments on Returns 

The questionnaire form did not include a remarks section. However, 
many of the motorists offered comments that were pertinent to the 
freeway problem. These comments were in most cases constructive 
criticism of the design and control of the freeway. The statements 
indicated an awareness by the motoring public of the problems that are 
associated with a traffic facility of this type. 

Although most of the comments were of a critical nature, many 
persons offered their time and services to answer any other questions. 
In general, the public was pleased to see that someone was interested 
in "their" problem. 

A few of the more important remarks received are listed below: 

* Need continuous frontage roads 

* Improve entrance ramp design 

* Close some entrance ramps 

* Keep trucks off freeway during peak traffic 

* Place screen in median to reduce distraction 

* Need for better and faster accident investigation 
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IV, CO~CLUSIO~S 

The techniques used in this study for obtaining travel patterns 
of the interchange tr.aff:i.c provided good results with minimum. inte~­

·ference to traffic, Onl.y in locations where stopping the traffic is 
hazardous should the method of distribution be changed. 

The design of the questionnaire should be improved. The 
definition of the tri~ for which the questions are asked should be 
included in the explanation. Several returns gave info:nr.ation on 
the trip made during the afternoon peak. 

The high percent return indicated an acceptance by the public 
of this type of survey. This same study will be made next year of 
the entrance ramps on the outbound side of the freeway. 

The information received from this type of survey has besn most 
valuab1e in several phases of the research on the improvement of 
freeway operations. 
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APPENDIX A 

Origin and Destination Survey Code 

A, GENERAL CARD LAYOUT 

Col, Nc. 

1-2 
4-7 
9-12 
14-18 
19 
21 X 2Lt 

26-29 
30 
33-36 
38-39 
41 
43 

B. ITEM CODES 

1, Col, 1~2: Entrance Ramp No. 

01 - State 225 
02 ~ State 35 
03 
04 

- Woodridge 
Mossrose 

Entrance Ramp No. - Inbound 
Questionnaire No. 
Distribution time 
Origin Zone No, 
Area ~ other than Houston 
Origin time 
Destination Zone No. 
Area - other than Houston 
Destination time 
Exit Ramp No. - Inbound 
Frequency of Trip 
Use of Other Routes 

OS ~ Griggs Road 
06 ~ Wayside 
07 - Telephone Road 
08 - Dumble 

09 ~ Cullen Upstream 
10 - Cullen Downstream 
11 - Scott 

2, Col. 4~7: Questionnaire Numbers 

' 
0000 - End of study number 

3, Col, 9-12; Time of Questionnaire Distribution 

Glock Time determined at the survey station that the 
questionnaire was issued. 

0630 - 0830 Usual study period 

4. Col. 14-18: Origin Zone Number 

1st 4 digits - Highway Planning Survey Zone No. 
5th digit - ·r.T.I. subzone number 

5. Col, 19: Area ~ other than Houston 

0 - Unknown (99999 in Col, 14-18) 
1 - Pearland (96000 in Col. 14-18) 
2 = Alvin (9700 in Col. 14-18) 
3 - Friendswood (9800 in Col. 14-18) 

A - 1 



4 ~ Pasadena 
5 ~ Out of Town 
6 - Baytmvn 
7 - La Porte - Deer Park 
8 - Channel View 

6, Col, 21-24: Origin Time 

Clock Time taken from Questionnaire: 
0630 - 0830 Usual study period 

7. Col. 26-29: Destination Zone No. 

4 digit Highway Planning Survey Zone No. 

8. Col, 30-31: Area = other than Houston 

External Station Number 

9. Col. 33-36: Destination Time 

Clock time taken from Questionnaire 
0630 - 1000 Usual Study Time 

10. Col. 38-39; Exit Ramp No. 

00 - No Answer 
01 - Exit No, 8 - Griggs 
02 = Exit No, 7 = Pays.:de 
03 - Exit Not 6 - Telephone 
04 = Exit No. 5 = Lombardy 
05 - Exit No. 4 Calhoun-Elgin 

11. Col. 41 - Frequency of Trip 

0 = No Answer 
1 - Seldom 

06 - Exit No. 3 = Cullen 
07 = Exit No. 2 - s~ott 

08 - Exit No, 1 - SamFson 
09 - Pease Street 
10 = us 75 North-Calhoun 

4 = Three times per week 
5 = Four times per week 

Sto 

2 - Once per week 
3 - Twice per week 

6 - Five or more times per week 

12. Col. 43 - Use of other routes 

0 - No Answer 
1 - Yes 
2 - No 

A - 2 
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