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Effect of Freeway Medians on Traffic Behavior 

CHARLES J . KEESE, Research Engineer, and 
CHARLES PINNELL, Assistant Research Engineer, 
Texas Transportation I n s t i t u t e , Texas A & M College System 

This paper presents a portion of the material developed 
during a s e r i e s of t r a f f i c behavior studies conducted 
on freeways i n Texas. The research was conducted hy the 
Texas Transportation I n s t i t u t e for the Texas Highway De­
partment and was designed to obtain data which would he 
useful i n evaluating freeway median design. 

The f i e l d studies u t i l i z e d the Bureau of Public 
Roads' electronic t r a f f i c behavior eq^uipment which per­
mitted the recording of data on volume, speed, and ve­
h i c l e placement for each of several freeway lanes. 
Studies were made on s i x different sections of freeways 
located i n Houston, Dallas, and Fort Worth, Texas. Ap­
proximately 50,000 observations were analyzed. 

S t a t i s t i c a l analyses were made to determine the 
effect of various types of median designs on t r a f f i c 
behavior. Vehicle placements were used as a c r i t e r i o n 
of t r a f f i c behavior and the variations i n these place­
ments were compared for various median designs. 

Studies were also made before and aft e r the erec­
ti o n of a b a r r i e r fence on the h-ft median of the Gulf 
Freeway i n Houston to determine the ef f e c t of t h i s 
fence on t r a f f i c behavior. This study a t l l i z e s data 
obtained by use of the Bureau of Public Roads' equip­
ment and from motion picture studies conducted by the 
Texas Transportation I n s t i t u t e . 

The analysis of the data indicated that average 
vehicle placements did not vary greatly, but that d i f ­
ferent type and width medians had some eff e c t on t r a f ­
f i c behavior. The wider medians reduced the e f f e c t s 
of opposing flows and high volumes. 

• NUMEROUS TYPES of medians, d i f f e r i n g i n width and i n design, have been 
used on existing highways i n Texas and throi:ighout the country. Although 
various median studies have been performed I n recent years, additional i n ­
formation regarding the eff e c t of freeway median design on t r a f f i c behav­
io r was f e l t to be of value. The purpose of t h i s study was to develop ad­
d i t i o n a l knowledge of t h i s type. 

Volume, speed, and placement data were recorded as a possible c r i t e r ­
ion of median ef f e c t on t r a f f i c behavior. These data were obtained from 
a nimiber of t r a f f i c behavior studies conducted by the Bioreau of Public 
Roads and from motion picture studies performed by personnel of the Texas 
Transportation I n s t i t u t e . 

The f i e l d studies u t i l i z e d the Bureau of Public Roads' electronic 
t r a f f i c analyzer equipment. A. Taragln of the Bioreau of Public Roads 



supervised the I n s t a l l a t i o n and operation of the equipment. Personnel of 
the Bureau of Public Roads and of the Texas Highway Department conducted 
the surveys. 

Segmented placement tubes and a i r impulse speed tubes were placed 
across the pavement as shown i n Figure 1. These tubes transmitted impulses 
to the electronic recording equipment housed i n a s p e c i a l truck which was 
concealed from the motorists as shown i n Figure 2. A speed meter, decimal 
timer, and four coding machines capable of handling any four t r a f f i c lanes 
were used to record time of passing, speed and placement data on each ve­
h i c l e . These data were placed on punch cards and high-speed electronic 
computers were used i n the analyses. 

MP TOW 

Figure 1. Speed trap tubes and placement tapes—Biireau of Public Roads 
Study. 

For t h i s study, s i x different sections of freeways located i n or near 
Houston, Dallas, and Fort Worth, Texas, were selected to provide data on 
various designs of medians presently being used on freeways i n Texas. The 
different types of medians studied (Figs. 3 and k) ranged from a k - f t con­
crete median to a kO-ft grassed median. 

The studies performed are l i s t e d below with a b r i e f description of 
median type for each study: 
Study 

00 

01 

Location Date 
May 1958 

03 

Houston - Gulf 
Freeway 

Fort Worth - East July 1957 
West Freeway 

Dallas - Central Ex- July I957 
pressway 

Median Type 
k - f t concrete with b a r r i e r 

curb 
12-ft asphalt with concrete 

b a r r i e r curb 
12-ft concrete with mount-

able curb 

F i g . 
No. 
l̂ A 

3A 

3B 



F i g . 
Study Location Date Median Type No. 

Ok Dallas - Central Ex- Jii l y 1957 27-ft grassed with moimt- 3C 
pressway able curb 

05 Dallas - US 80 JvHy 1957 ^O-ft grassed, no c\irb 3D 
( r u r a l ) 

07 Houston - Gulf July 1957 ^ - f t concrete with b a r r i e r 
Freeway curb and b a r r i e r kB 

fence 
08 Houston - Eastex July 1957 ^ - f t concrete with concrete kC 

Freeway b a r r i e r 

The daytime studies were conducted during the period of 7:00 A.M. to 
7:00 P.M. and the night studies from 8:00 P.M. to 12:00 P.M. The data on 
speed, volume, and placement were tabulated by 6-mln periods for each hour. 

Data on average vehicle placements for a l l Bureau of Public Roads 
studies are shown I n Table 1. These data include only passenger vehicles 
and are subdivided by lane and day-night tabulations. Placements were 
measured from the l e f t lane l i n e to the centerllne of the vehi c l e s . 

The data shown i n Table 1 represent a t o t a l of ̂4-6,968 observations 
of vehicle placements. The actual number of placement observations was 
greater than t h i s but some data were invalidated by Inclement weather and 
by unusual t r a f f i c conditions on the freeways such as accidents, s t a l l e d 
v e h i c l e s , e t c . 

The maximum variations i n average placements are shown i n Figures 5 
and 6. These data indicate that for a l l of the medians studied there was 
a r e l a t i v e l y small amount of vari a t i o n In average vehicle placement. The 
average placements for the inside and middle lanes were close to the cen­
t e r l l n e of the lane with the maximum difference being O.85 f t for the i n ­
side lane and 0.82 f t for the middle lane during the daytime. The average 
placements i n the outside lane were generally f\arther to the l e f t of the 
lane centerllne and were more variable than the inside and middle place­
ments. 

METHOD OF STUDY 
Because the variations i n average placements for the different type 

medians were r e l a t i v e l y small, a s t a t i s t i c a l analysis was performed to 
study the variance of the data. With t h i s type of an a l y s i s . I t was pos­
s i b l e to determine s i g n i f i c a n t differences among the data and to Infer 
possible conclusions from these differences. Two separate studies were 
made: a study to determine the e f f e c t of a b a r r i e r fence on t r a f f i c be­
havior and a general study to determine the e f f e c t of various width med-
lams on t r a f f i c behavior. 

After consideration of the data and the method of analysis I t was de­
cided to use only placement and volume data i n the a n a l y s i s . Because ve­
h i c l e speeds were affected by such factors as volume, speed l i m i t s , type 
of area, enforcement l e v e l , etc., the application of speed data to s t a ­
t i s t i c a l analysis was Impractical i n these studies. Data on average speeds 
are presented i n Table 2 as an Indication of the character of operation on 
each of the f a c i l i t i e s . 



Figiure 2. Mobile t r a f f i c analyzer (top). I n t e r i o r of mobile t r a f f i c 
analyzer (bottom). 



STUDY 04 

D A L L A S - CENTRAL EXPRESSWAY 

B 
1 2 - 0 

STUDY 01 

F O R T WORTH - E A S T WEST FREEWAY 

STUDY 03 

D A L L A S - CENTRAL EXPRESSWAY 

4 0 - 0 

A , . 1 ^ ^ _ _ 

STUDY 05 . 

D A L L A S - U . S . 8 0 

Flgiire 3. Median sections and t y p i c a l study s i t e s . 
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STUDY 00 
HOUSTON - G U L F FREEWAY 

STUDY 07 
H O U S T O N - G U L F FREEWAY 

STUDY 08 
H O U S T O N - E A S T E X F R E E W A Y 

Figure k. Median sections and t y p i c a l study s i t e s . 



INSIDE 
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MIN A V " PLACEMENT 

0 34 F T 

MEDIAN 

MIDDLE 
LANE 

OUTSIDE 
LANE 

r ^ M A X AVO PLACEMENT 
i MIN AV6 PLACEMENT-
f i 0 83 F T 

0 82 F T — 

0 66 FT 
M A X AVO PLACEMENT 

MIN A v e PLACEMENT 
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MAX AVO PLACEMENT 

CURB 

W/7/////////. 

Figure 5. Variation i n average p l a c e m e n t — a l l daytime studies. 

INSIDE MIDDLE OUTSIDE 
LANE LANE 

0.84 FT 
MAX. AV4 PLACE 

0.59 FT 0 20 FT 0 69 FT 
0 4 FT 

MEDIAN CURB 

' / / / / / / / / / / 

Figure 6. Variation i n average p l a c e m e n t — a l l night studies. 



T A B L E I 
A V E R A G E V E H I C L E P L A C E M E N T S 

A L L B.RR. STUDIES 

OD 

DAY NIGHT STUDY 
INSIDE 
LANE 

MIDDLE 
LAN E 

OUTSIDE 
L A N E 

INSIDE 
L A N E 

MIDDLE 
L A N E 

OUTSIDE 
L A N E 

NUMBER 

AVG. PLACEMENT 5.86 5.18 4 . 8 7 5.85 4 .96 4 .23 STUDY 0 0 

NUMBER V E H I C L E S 5 1 4 5 6 3 2 3 3 7 6 9 1 1 6 3 2 0 9 4 1 1 9 6 4 ' M E D I A N 

AVG. PLACEMENT 6.26 5.66 4.43 6.52 5.80 4 .50 STUDY 01 

N U M B E R V E H I C L E S 1 9 2 4 2 4 3 B 2 5 7 6 9 4 6 8 8 1 2 0 12' M E D I A N 

AVG. PLACEMENT 6 . 0 0 5.23 6.19 5.06 AVG. PLACEMENT 6 . 0 0 5.23 6.19 5.06 
STUDY 0 3 

N U M B E R V E H I C L E S I 2 B 7 1 3 6 8 1 B 2 2 6 4 2 7 ' M E D I A N 

AVO. PLACEMENT 5 .66 5.38 5.10 5.15 5.35 4 .83 STUDY 04 

N U M B E R V E H I C L E S 4 I B 4 4 8 5 9 1 2 4 2 2 9 0 7 9 9 4 8 5 12' M E D I A N 

AVG. PLACEMENT 6.19 6.t4 6 .59 5.31 
STUDY 0 5 

N U M B E R V E H I C L E S 4 9 9 1142 3 6 2 2 1 4 0 ' M E D I A N 

AVG. PLACEMENT 6 .53 5.84 5.38 6.23 5.5! 5 . 0 5 
STUDY 08 

N U M B E R V E H I C L E S 6 7 6 6 1 6 5 2 8 9 8 6 6 1 1 0 3 4 ' M E D I A N 

PLACEMENT MEASURED FROM L E F T LANE L I N E 



TABLE 2 
AVERAGE SPEEDS, INSIDE LANES—DAYTIME 

B.P.R. SURVEYS 

Equivalent 
Vol. Levels 

Equivalent 
Vol. Levels 

0 - 600 600 - 1200 
Avg. Speed 
No. Vehicles 

1+8.8 
1017 

1+8.8 
2573 Study 00 

Avg. Speed 
No. Vehicles 

5I+.I+ 
1761 

1+9.5 
202 

Study 01 

Avg. Speed 
No. Vehicles 

56.5 
1073 

57.1 
121 

Study 03 

Avg. Speed 
No. Vehicles 

1+8.7 
762 

1+7.7 
1132 

Study 0I+ 

Avg. Speed 
No. Vehicles 

59.2 
509 Study 05 

Avg. Speed 
No. Vehicles 

1+8.9 
718 Study 08 

EFFECT OF BARRIER FENCE 
During the median studies, a 

ba r r i e r fence (as shown i n F i g . 7) 
was erected on the l+-ft median of 
the Gulf Freeway i n Houston, Texas. 
Data taken before (study 00) and 
afte r (study 07) erection of t h i s 
fence were analyzed to determine 
the e f f e c t of the b a r r i e r fence on 
t r a f f i c behavior and accidents. 

Accident Study 
The p r i n c i p a l purpose of the 

ba r r i e r fence was to reduce the 
number of serious accidents r e s u l t ­
ing from vehicles crossing the med­
ian and c o l l i d i n g head-on with 
t r a f f i c i n the opposing lanes. 

In order to investigate a c c i ­
dent experience on the freeway as 
related to the b a r r i e r fence, ac­
cident data were collected for per­
iods of 2 yr before and 2 yr a f t e r 
the erection of the b a r r i e r fence. 

The data were tabluated by 
t o t a l freeway accidents (accidents 
which occurred on the main freeway 
lanes and not including ramp and 

SECTION BEFORE CONSTRUCTION OF 
BARRIER FENCE 

STUDY 0 0 

SECTION A F T E R CONSTRUCTION OF 
B A R R I E R F E N C E 

STUDY 0 7 

Figure 7. Median s e c t i o n s — G u l f 
Freeway, Houston. 
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frontage road accidents) and by median accidents (accidents which Involved 
the median) (Table 3 ) . 

TABLE 3 

ACCIDENT DATA, GULF FREEWAY, HOUSTON, TEXAS 
19514- to 1958 

Type of Property Personal F a t a l Total 
Accident Damage Injury 
Main-lane freeway 

(no./lOO mil veh-mi): 
Before 166.98 26.33 2.63 195-9̂ ^ 
After 206.58 2k.3h 2.01 232.93 

Median (no.): 
Before 15 28 k k-J 
After 3^ 11 0 

Median 
(no./lOO mil veh-mi): 

Before 13-56 
After 11.71 

The data indicate that although the t o t a l accident rate per 100 m i l ­
l i o n vehicle-miles Increased (19^.9h before to 232.93 a f t e r ) , the rate of 
the severe accidents decreased s l i g h t l y (personal i n j u r y 26.33 before to 
2k.3k a f t e r and f a t a l 2.63 before to 2.01 a f t e r ) . 

A study of the median accidents Indicates that the median accident 
rate was only s l i g h t l y reduced from 13-56 before to 11.71 a f t e r . The 
severity of the median accidents, however, appears to have been materially 
reduced. There were k f a t a l median accidents before compared with none 
aft e r and 28 personal i n j u r y accidents involving the median before com­
pared with 11 during the af t e r period. 

S t a t i s t i c a l Analysis 
Only the Inside or median lane placements were studied i n the anal­

y s i s of the before and after data as these are the most c r i t i c a l with r e­
spect to the median and would l i k e l y r e f l e c t any eff e c t on driver behavior 
that could be attributed to the median. 

Two separate studies were analyzed: the Bureau of Public Roads' study 
taken at the location shown i n Figure 8, and the f i l m study conducted at 
the location shown i n Figure 9- The motion picture study was conducted 
i n the v i c i n i t y on an entrance ramp while the Bureau of Public Roads' 
study was conducted on a section with no ramps i n the v i c i n i t y . 

The variables considered i n .the study were before and aft e r median 
conditions and t r a f f i c volume. T r a f f i c volume was considered at three 
separate levels—Vi ( 0 - 6 0 0 vph), V2(600-1200 vph), and V3(l200-l800 vph). 
The data were analyzed using an analysis of variance technique with the 
index F as a t e s t s t a t i s t i c . 

For both the Bin-eau of Public Roads and the motion pictiire studies, 
the following t e s t s were made: 
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TABLE k 
ANALYSIS OP VARIANCE: BEFORE-AFTER STUDY OF BARRIER FENCE 

B.P.R. SURVEYS 

SOURCE DF VARIANCE F DF-L 

BEFORE (TI) AND AFTER (T2), 
WITHOUT CONSIDERING VOLUME LEVELS 1 0.2620 k,2^3Z 1 914. 

ERROR O.O616 
TOTAL 95 

VOLUME LEVELS VI (O-600), V2 (60O-I200) 
WITHOUT CONSIDERING BEFORE AND 
AFTER CONDITIONS 2 O.3198 ^.k^kS^ 2 93 

ERROR 93 O.O582 
TOTAL 95 

BEFORE AND AFTER CONSIDERING ONLY ONE 
LEVEL OF TRAFFIC VJ (O-60O) 1 O.OhoG I.5675 1 29 

ERROR 29 O.0259 
TOTAL 30 

BEFORE AND AFTER CONSIDERING ONLY ONE 
LEVEL OF TRAFFIC V2 (60O-I200) 1 l.Olh^ 19,8613^ 

ERROR 52 0.05IH 
TOTAL 53 

^ SIGNIFICANCE AT 95^ LEVEL OF CONFIDENCE, 
•B SIGNIFICANCE AT O.999 LEVEL OF CONFIDENCE. 

TABLE 5 
ANALYSIS OF VARIANCE: BEFORE-AFTER STUDY OF BARRIER FENCE 

MOTION PICTURE SURVEYS 

SOURCE DF VARIANCE F af-]_ DFG 

BEFORE AND AFTER WITHOUT CONSIDERING 
VOLUME 1 0.1380 l.Olkk 79 1 

ERROR 79 O.lhOO 
TOTAL 80 

VOLUME LEVELS VI (0-6), V2 (6-12), AND 
V3 (12-18) WITHOUT CONSIDERING 
BEFORE AND AFTER 2 I.I+I36 13.17^2^ 

ERROR 78 0.1073 
TOTAL 80 

AFTER AND BEFORE CONSIDERING ONLY ONE 
LEVEL OF TRAFFIC VI (O-600) 1 0.099^ 2.1lkQ 1 15 

ERROR I5 O.OhjO 
TOTAL 16 

AFTER AND BEFORE CONSIDERING ONLY ONE 
LEVEL OF TRAFFIC V2 (600-1200) 1 0.0035 hl.^kZQ 33 1 

ERROR 33 O.lh^k 
TOTAL 3k 

BEFORE AND AFTER CONSIDERING V3 1 0.1̂ 5̂0 1.^963 1 27 
ERROR 27 O.O969 
TOTAL 28 

^ SIGNIFICANCE AT 0.999 LEVEL OF CONFIDENCE. 
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« LOCATION OP ran 

Figure 8. B.P.R. study s i t e — G u l f 
Freeway, Houston, Texas. 

1. Test of significance cam-
paring before and aft e r placement 
data -without considering volime 
levels. 

2. Test of significance com­
paring the three volume levels 
without considering before and af­
t e r conditions. 

3. Test of significance com­
paring before and after placement 
data at eaxih of the three volume 
levels. 

Tahialatlons of the results 
from these studies are given i n 
Tables h and 5. 

The following resialts were ob­
tained from the analysis of the 
Biireau of Public Roads' study. 

1. There was no si g n i f i c a n t 
difference between the before and 
afte r placements when volume was 
not considered. 

2. There was no si g n i f i c a n t 
difference between the placements 
grouped according to the three v o l ­
ume levels Vi(0-600), ¥2(600-1200), 
and 73(1200-1800). 

3. There was no si g n i f i c a n t 
difference between before and aft e r placements considering only the f i r s t 
l e v e l of t r a f f i c (O-60O vph). 

k. There was a si g n i f i c a n t difference between before and aft e r 
placements considering only the second l e v e l of t r a f f i c (600-1200 vph). 

5. The data were not s u f f i c i e n t t o compare before and aft e r condi­
tions at the t h i r d l e v e l of t r a f f i c (120O-I80O vph). 

The following results were obtained from the analysis of the before 
and aft e r motion picture studies: 

1. There was no si g n i f i c a n t difference between the before and a f t e r 
placements when voliime was not considered. 

2. There was a si g n i f i c a n t difference between the placements grouped 
according t o the three volume levels Vi(0-600), V2(600-1200) and Vo(l200-
1800). 

3. There was no si g n i f i c a n t difference between before and after 
placements at any of the three volimie levels. 

^ ^ ^ ^ 

# LOCATION OF TAPE 

Figure 9. 
s i t e — G u l f 

Motion 
Freeway, 

picture study 
Houston, Texas. 

Conclusions 
The results of the studies Indicate the following conclusions: 
1. The barr i e r fence was veLluable I n reducing the severity of ac­

cidents involving the median. 
2. The ba r r i e r fence had no si g n i f i c a n t effect upon driver behavior 

as Indicated by vehicle placement. 
3. On the section where there were no ramps, a si g n i f i c a n t d i f f e r -
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ence between the before and af t e r 
placements at the second l e v e l of 
t r a f f i c (600-1200 vph) Indicated 
that the ba r r i e r fence had some ef­
fe c t on driver behavior as the vol­
ume increased. 

\. The re s i i l t s of the analy­
sis f o r the motion picture study 
Indicated that volume had a more 
pronounced effect i n t h i s study 
than i n the Bureau of Public Roads' 
study. This i s probably a result 
of the entrance ramp conditions 
and the d i f f e r e n t time periods 
during which data were recorded. 
The motion pi c t i i r e study recorded 
data during three separate periods 
—7:00-8:30 A.M.; 9:30-10:30 A.M.j 
l4-:00-5:30 P.M.—while the Bureau 
of Public Roads' study recorded 
data from 1:00 P.M. to 7:00 P.M. 
Thus the motion picture study re­
f l e c t e d peak morning and afternoon 
conditions while the Bureau of Pub­
l i c Roads' study reflected only 
afternoon conditions. 

The motion picture study i n ­
dicated that volume conditions on 
both sides of the median affect 
vehicle placements. The average 
placements f o r the morning peak, 
offpeak and afternoon peak periods 
are shown i n Figure 10 f o r the i n ­
side lane on the Gulf Freeway. A 
s h i f t i n vehicle placements toward 
the median during the morning peak and away from the median during the af­
ternoon peak i s indicated. The t o t a l change i n average placement, compar­
ing the morning peak (7:00-8:30 A.M.) with the afternoon peak (i<-:00-5:30 
P.M.), i s 0.58 f t . This effect i s even more pronounced i f peak 15-min 
periods (morning and evening) axe compared f o r study 00 (before b a r r i e r 
fence) as shown i n Figure 11. Here the t o t a l change i s O.89 f t . This d i f ­
ference was s l i g h t l y less (O.67 f t ) a f t e r the ba r r i e r fence was erected as 
shown i n Figure 12. Th\is i t i s evident that the opposing flow has a large 
amount of effect on vehicle placements i n t h i s study of a narrow median. 

GETJERAL MEDIAN STUDY 
In order t o develop knowledge of the ef f e c t of various type and width 

freeway medians on t r a f f i c behavior, a specific study was conducted using 
placement data recorded on freeways with the following median types: 

0 
1 
i 

J -0 
1 
i to 

30 

1 
i to 

30 

1 
i to 

30 

1 
i to 

30 1 

TIME 
4<00 TO 5 30 PM 

AVS P L A C E M E N T 
FROM MEDIAN TO 
t OF V E H I C L E « S Tl" 

P L A C E M E N T IN F E E T 

Figure 10. Average placements i n 
median lane—Gulf Freeway. 

Study Location 
00 Houston - Gulf Freeway 
03 Dallas - Central Expressway 
oil- Dallas - Central Expressway 
05 Dallas - US 80 

Median Type 
4 - f t Concrete with b a r r i e r curb 

12-ft Concrete with b a r r i e r ciirb 
27-ft Grassed with b a r r i e r curb 
hO-ft Grassed, no curb 
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Figure 11, Average placements In Figure 12. Average placanents i n 
median lane "before ba r r i e r fence— median lane af t e r beirrier fence— 

Gulf Freeway. Gulf Freeway. 

S t a t i s t i c a l Analysis 
I n order to study the relationship of various type medians a number 

of comparisons of placement data were made. Because the difference i n the 
average placements was small f o r the various type medians, the variance 
of the data was studied t o determine any si g n i f i c a n t differences that oc­
curred. 

The data were grouped according to volime levels V̂ ĈO-SOO vph), V2 
(600-1200 vph) and ¥3(1200-1800 vph) and by day-night periods. The tests 
that were made and the results of these tests are given i n Table 6. 

Comparisons of vehicle placements were made f o r the following medians: 
1. 
2. 
3. 
\. 
5. 
6. 

Comparison of a l l medians; 
Comparison of i ^ - f t median with 12-ft median; 
Comparison of I j - f t median with 27-ft median; 
Comparison of I j - f t median with I)-0-ft median; 
Comparison of 12-ft median with 27-ft median; and 
Campaxison of 27-ft median with It-O-ft median. 

I n order t o obtain the various size median sections f o r study, i t was 
necessary t o study a number of freeway sections. This placed seme l i m i t a ­
tions on the comparisons that could be made because i t was impossible to 
obtain a f u l l range of volume conditions on a l l of the sections. For ex­
ample, only one l e v e l of t r a f f i c (O-600) could be compared f o r night and 
day. For t h i s reason some comparisons were impossible. 
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TABLE 6 
GENERAL MEDIAN STUDY 
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The results of the comparisons were as follows: 
General Results - Including a l l studies: 
1. There was a si g n i f i c a n t difference i n placements among the 

studies. 
2. There was a si g n i f i c a n t difference I n placements grouped 

according t o the three volimie levels f o r a l l studies. 
3. There was no si g n i f i c a n t difference between day and night 

placements at the f i r s t l e v e l of t r a f f i c (O-60O vph). 
k. There was a si g n i f i c a n t difference i n placements at each 

volme l e v e l f o r a l l studies. 
Study 00 with Ok - k-ft with 12-ft: 
1. There was no sig n i f i c a n t difference i n placements between 

the studies without considering volume. 
2. There was a si g n i f i c a n t difference I n placements grouped 

according t o the three volime levels f o r both studies. 
3. There was no si g n i f i c a n t difference between day and 

night placements at the f i r s t l e v e l of t r a f f i c (O-60O vph). 
k. There was a si g n i f i c a n t difference I n placements at each 

volume l e v e l f o r these studies. 
Study 00 with 03 - k-ft with 27-ft: 
1. There was a si g n i f i c a n t difference i n placements between the 

studies without considering volume. 
2. There was no si g n i f i c a n t difference i n placements grouped 

according t o the three volime levels f o r both studies. 
3. There was no si g n i f i c a n t difference between day and night 

placements at the f i r s t l e v e l of t r a f f i c (O-60O vph). 
k. There was no si g n i f i c a n t difference i n placements at each 

volume l e v e l f o r these studies. 
Study 00 with 0$ - k-ft with kO-ft: 
1. There was a si g n i f i c a n t difference i n placements between the 

studies without considering volme. 
2. There was no si g n i f i c a n t difference i n placements grouped 

according t o the three volume levels f o r both studies. 
3. There was no sig n i f i c a n t difference between day and night 

placements at the f i r s t l e v e l of t r a f f i c (O-600). 
k. There was not s u f f i c i e n t data t o compare a l l vol\mie levels 

f o r these studies. 
Study ok with 03 - 12-ft with 27-ft: 
1. There was a si g n i f i c a n t difference i n placement between the 

studies without considering volume. 
2. There was a s i g n i f i c a n t difference i n placements grouped accord­

ing to the three volume levels f o r both studies. 
3. There was no si g n i f i c a n t difference between day and night place­

ments at the f i r s t l e v e l of t r a f f i c (O-60O vph). 
k. There was not siafficlent data t o compare a l l volume levels f o r 

these studies. 
Study 03 v i t h 0$ - 27-ft with kO-ft: 
1. There was a si g n i f i c a n t difference i n placements between the 

studies without considering volume. 



I T 

2. There was no s i g n i f i c a n t difference i n placements grouped accord­
ing t o the three volume levels f o r both studies. 

3. There was no s i g n i f i c a n t difference between day and night place­
ments at the f i r s t l e v e l of t r a f f i c (O-60O vph). 

h. There was not s u f f i c i e n t data t o compare a l l volume levels f o r 
these studies. 

Conclusions 
The following conclusions were drawn from the results of the various 

comparisons made i n the general study: 
1. Although the change i n average placements was r e l a t i v e l y small 

f o r a l l studies, a study of the va r i a t i o n i n the data indicates that 
median width does s i g n i f i c a n t l y affect t r a f f i c behavior. 

2. The following comparisons were made: 
a. h-ft median with 12-ft median; 
b. k-ft median with 27-ft median; 
c. 14-ft median with l4-0-ft median; and 
d. 12-ft median with 2 7-ft median. 

The results of the tests indicate no si g n i f i c a n t difference i n place­
ments f o r comparison (a) but a si g n i f i c a n t difference i n placements f o r 
comparisons ( b ) , ( c ) , and (d). Thus the wide medians (27 f t and kO f t ) 
compared with the narrow medians {k f t and 12 f t ) r e f l e c t a si g n i f i c a n t 
change i n t r a f f i c behavior that i s not apparent when comparing the nar­
row medians with each other. This indicates, though a l l variations i n 
average placement are s l i g h t , the narrow medians have a d i f f e r e n t effect 
on driver behavior from the wider medians. 

3. A study of vehicle placements with regard to volimie was made f o r 
the following comparisons: 

a. k-ft with 12-ft; 
b. 12-ft with 2 7-ft; 
c. k-tt with 27-ft; and 
d. k-tt with 1^0-ft. 

The results of these tests indicate that volume had a s i g n i f i c a n t 
e f f e c t on placements f o r comparisons (a) and (b) but no s i g n i f i c a n t ef­
fec t f o r comparisons (c) and (d). This indicates a reduction i n the ef­
fec t of volime on vehicle placement f o r the wider medians (27 f t , kO f t ) 
as compared to the narrow medians (k f t , 12 f t ) . Thus, the wider medians 
appear desirable to reduce or eliminate the effect of heavy volxmes on 
the driver's behavior. 

SUMMARY 
The data analyzed indicated that variations i n vehicle placements on 

freeways are r e l a t i v e l y small. Data on vehicle placements and observa­
tions of over-all freeway operation Indicate that median widths as small 
as k f t are satisfactory. However, numerous median accidents were ob­
served and the accident data indicated that a bar r i e r fence on the k-ft 
median was very effective i n reducing the severity of median accidents. 
Also, the results of placement data analyses indicated that the barrier 
fence had no s i g n i f i c a n t effect on driver behavior. 

I n the general median studies which compared various width medians, 
i t was found that median widths did affect t r a f f i c behavior as indicated 
by vehicle placements. A difference i n driver behavior was noted when 
comparing wide medians with narrow medians and the data indicated that 
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wide medians are valuable i n reducing or eliminating the effect of oppos­
ing flow and heavy volmes on t r a f f i c behavior. 

Comparisons of day and night placement data i n the volxme range of 
0-600 vph indicate no sig n i f i c a n t difference between day and night ve­
h i c l e placement. 
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Traffic Behavior on an Urban Expressway 

A. F. MALO, Director, Department of Streets and T r a f f i c , City of Detroit; 
H. S. MIKA, Supervisor, Engineering Research and Advanced Product Study 

Office, Ford Motor Companyj and 
V. P. WALBRIDGE, Engineering Research and Advanced Product Study Office, 

Ford Motor Company 

• IN A CCMPANION paper, "Accident Analysis of an Urban Expressway" ( l ) , 
two of the authors present a study of the Interaction between influencing 
factors such as weather and l i g h t conditions on type of accident. This 
paper i s an e f f o r t to study I n d e t a i l driver behavior i n an urban express­
way t r a f f i c pattern i n terms of ve l o c i t y , spacing, volume and character. 

Although the intent was to relate rear-end c o l l i s i o n s and t r a f f i c 
patterns somewhat a f t e r the fashion of Belmont (2) , the largest portion 
of the paper deals with t y p i c a l capacity information (3) . 

The data c o l l e c t i o n and reduction was similar t o that used by Green-
shields, et a l . {k). A camera was used to record t r a f f i c patterns on a l l 
six lanes of the Detroit John C. Lodge Expressway f o r eight consecutive 
days around the clock. 

Functional relationships were obtained for mean ve l o c i t y , median and 
modal spacing, lane d i s t r i b u t i o n , and commercial vehicle d i s t r i b u t i o n as 
a function of volume. A "trend" relationship between annual rear-end 
c o l l i s i o n rate and volume at time of accident was also established. Quan­
t i t a t i v e information on the effect of r a i n and night driving conditions 
on vehicle velocity was determined. 

EXPRESSWAY GEOMEJTRY 
This study was performed i n June 1957* The expressway system con­

sisted of the John C. Lodge running approximately north and south and I n ­
tersected near i t s midpoint by the Edsel B. Ford rimning approximately 
east and west. The system i s shown In Figure 1. The location of the 
camera on the John C. Lodge i s aJ.so shown. The Immediate geometry near 
the camera location Is shown i n Figure 2. I t was approximately midway 
between the Grand River and Forest ramps, a distance of O.63 mi. This 
location was p a r t i c u l a r l y chosen to be as remote as possible from ramp 
effects. 

The cross-section of the Lodge Expressway includes three 12-ft lanes 
i n each direction with a 10-ft medial s t r i p and two 10-ft shoulders. 

DATA COLLECTION 
A Cine Special camera modified to a speed of 88 frames per minute 

was moiinted on the roof of a 1^4—story building overlooking the express­
way. Figure 3 shows the camera i n position while the details of the mech­
anism are shown i n Figure k. A t y p i c a l frame i s shown i n Figiire 5. Ref­
erence space markers can be seen alongside each cvccb lane. These were 
made of r e f l e c t i n g tape and spaced exactly 30 f t apart. These markers 
were then used to construct a g r i d which permitted reading o f f car posi­
tions to approximately -g- f t . The f i l m reader developed by the Ford Motor 
Company I s shown i n Figure 6. The f i l m viewer's ground-glass cover i s 
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EDSEL 

STUDY S I T E LOCATION 
JOHN LODGE EXPRESSWAY 

Figure 1. 

marked with g r i d lines by which distance between cars and the ve l o c i t y of 
each vehicle may be determined readily. The type of vehicle—passenger, 
truck, bus—was aJ.so recorded. A l l t h i s information was placed on IBM 
cards f o r processing on the LBM 650 computer. 

Film records were taken each hour f o r 5 min, 2k hr per day and fo r 
eight consecutive days which included one Saturday and Sunday. Fortunate­
l y , some r a i n f e l l during t h i s time so that t h i s e f f e c t could be evaluated. 
In a l l , about 6k,000 vehicles were recorded on IBM cards. 

RESULTS 
The f i r s t graph. Figure 7, shows the percentage d i s t r i b u t i o n by lane. 

Each p l o t t e d point represents an average of approximately four ^-mln sam­
ples, i . e . , volumes based on 5-min photographic records were grouped into 
approximately equal volimies and the average of t h i s group determined the 
value of the abscissa. Similarly, percent of volume i s also the mean of 
the several samples. I t can be seen that the middle lanes carry over kO 
percent of the three-lane volimie while curb lanes carry s l i g h t l y more than 
31 percent and median lanes carry almost 29 percent. 

These same samples were fxirther analyzed f o r the character of the 
t r a f f i c . I n Figure 8 the d i s t r i b u t i o n of commercial vehicles per lane 
as a function of volimie i s shown. The commercial t r a f f i c reaches a high 
value of 13 percent during low volumes and i s reduced t o about 2 percent 
at rush hours. As woiild be expected the other two lanes carry much less 
commercial t r a f f i c , about 3 percent at the most. 
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Figure 7. Volume d i s t r i b u t i o n of a l l vehicles by lane, northbound and 
southbound—John C. Lodge Expressway (normal weekday t r a f f i c , 6 A.M. 

through 7 P.M., dry pavement, June 1957). 

Velocity d i s t r i b u t i o n was obtained f o r a l l lanes and volimies. A 
t y p i c a l result i s shown i n Figures 9 and 10 f o r medium and heavy t r a f f i c 
on the middle lanes. I t can be seen that the d i s t r i b u t i o n i s close to 
normal. The curves drawn represent the optimum normal d i s t r i b u t i o n that 
could be f i t t e d t o the experimental information. The Detroit expressway 
system has a posted speed l i m i t of 55 niph a- mlnlrmim l i m i t of ko mph. 

Throughout t h i s study, emphasis was placed on describing t r a f f i c be­
havior by mathematical relationships. The advantages are obvious. For 
one thing, a systems approach may then be used i n further analysis. I n 
Figure 11, the mean velo c i t y of passenger vehicles as a function of three-
lane volume i s plotted. The data represent samples Including almost 3^,-
000 vehicles. I n t h i s , as i n a l l the ciirves shown i n t h i s paper, each 
plotted point represents an average of four to eleven 5-min samplings. 
Further, each point represents the average of a volume class i n t e r v a l of 
300 vph. The j u s t i f i c a t i o n f o r a parabolic relationship has been sug­
gested by other authors (5^). Basically, i t depends on a linear r e l a t i o n ­
ship between density and mean velocity. A check of t h i s relationship was 
made and although i t i s not quite l i n e a r , i t i s very closely so. The data 
show the largest deviation from a straight l i n e above about 52 iirph. As­
suming t h i s approximate l i n e a r i t y , and because the curve must go through 
the o r i g i n , a least square f i t was made t o the data. The relationship on 
the curve shows how mean ve l o c i t y may be predicted from volume. The sin­
gle-sample point i s in t e r e s t i n g . I t was obtained during a p a r t i c u l a r l y 
congested s l t i i a t i o n on the expressway caused by rush-hour t r a f f i c combln-
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i n g w i t h t r a f f i c l e a v i n g a f t e r the end o f a D e t r o i t "Tiger" b a s e b a l l game. 
Althoxagh a s i n g l e '^-vaxa. sample would be s t a t i s t i c a l l y o f low r e l i a b i l i t y , 
i t nevertheless shows t h a t a maximum cap a c i t y e x i s t s . This maximum capac­
i t y i s a t the v e r t e x o f the parabola and i n d i c a t e s a value o f 8,250 vph 
t r a v e l i n g a t a mean v e l o c i t y o f about 27 mph. 

The same type o f r e l a t i o n s h i p s were found f o r the i n d i v i d u a l lanes, 
i . e . , curb, middle and median. 

Using the same volume class i n t e r v a l s , the medism spacing (50 per­
c e n t i l e ) was computed as shown i n Figure 12. The r e l a t i o n s h i p is"hyper­
b o l i c and i s represented by the mathematical f u n c t i o n shown I n the f i g u r e . 
I t i s t o be noted t h a t the l e a s t square f i t i s poor a t the very low v o l ­
umes. However, t h i s r e g i o n i s of very l i t t l e p r a c t i c a l value and, f u r ­
thermore, the data i n t h i s r e g i o n represent only about two or t h r e e sam­
p l e s and a mean has l i t t l e s t a t i s t i c a l s i g n i f i c a n c e . I n other words, i t 
was deemed unnecessary t o f i t a higher order curve j u s t t o o b t a i n a b e t ­
t e r f i t i n a r e l a t i v e l y unimportant r e g i o n where the data are also l e s s 
r e l i a b l e . Again, s i m i l a r r e l a t i o n s h i p s were found f o r the i n d i v i d u a l 
lanes. 

Probably o f more importance i s the modal (most f r e q u e n t ) spacing be­
tween v e h i c l e s . I t was decided i n studying the data t h a t probably the 
best f i t t o the data woizld be obtained by two l i n e a r r e l a t i o n s h i p s i n t e r -
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s e c t i n g somewhere between a volume of 1,000 and 2,000 vph. The j u s t i f i c a ­
t i o n f o r t h i s b e l i e f a r i s e s from the f a c t t h a t a Poisson (6,7) spacing 
d i s t r i b u t i o n f i t i n the low volume re g i o n was probable, whereas beyond ap­
prox i m a t e l y a v o l m e of 1,000 vph the d i s t r i b u t i o n was no longer o f t h i s 
t y pe. The r e l a t i o n s h i p between modal spacing and volume i s shown i n F i g ­
ure 13. The break p o i n t appears t o occur a t a volume o f 1,250 vph. As 
i n the preceding data, the modal spacing was also broken down by lane w i t h 
s i m i l a r r e s u l t s . The "break" volimes were 1,000, 1,750 and 1,700 vph f o r 
the curb, middle and median lanes, r e s p e c t i v e l y . Much gre a t e r v a r i a b i l i t y 
i n the i n d i v i d u a l lane data was apparent below the "breaJs" volumes. A l l 
the above volumes are r e f e r r e d t o the t o t a l three-lane volime. 

Of p r a c t i c a l i n t e r e s t i s t h e r e l a t i o n s h i p between modal spacing and 
mean v e l o c i t y . I n any automatic spacing c o n t r o l system t h i s r e l a t i o n s h i p 
woTild be u s e f i i l i n e s t a b l i s h i n g design c r i t e r i a and s t i l l be acceptable 
t o the l a r g e s t number o f d r i v e r s . This r e l a t i o n s h i p i s shown i n Figure 
l i + . I t i s cons t r u c t e d d i r e c t l y from the e m p i r i c a l mean v e l o c i t y (volume 
curve i n Figure 11) and the e m p i r i c a l modal spacing (volime curve i n F i g ­
ure 13). There i s a d i s c o n t i n u i t y i n the cujrve o f Figure ik because o f 
the d i s c o n t i n u i t y i n the modal spacing—volume curve near 1,250 vph. 
Mathematical f u n c t i o n s are also shown i n the f i g u r e t h a t permit p r e d i c t i o n 
o f the most frequent spacing i f the mean v e l o c i t y i s known. 

The v e h i c l e spacing was also analyzed i n t e m s of ti m e , i . e . , the 
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distance t o the v e h i c l e i n f r o n t d i v i d e d by the v e l o c i t y of the f o l l o w i n g 
v e h i c l e . The r e s u l t I s a l i n e a r r e l a t i o n s h i p between time spacing and 
three-lane volimie as shown i n F i g i i r e 15. At volumes below 1,000 vph the 
l a r g e v a r i a b i l i t y o f dlstemce spacing and v e l o c i t y produced no meaningful 
i n f o r m a t i o n . I n general, time spacing decreases l i n e a r l y w i t h Increase 
i n vol-ume. 

I t i s a g e n e r a l l y accepted f a c t t h a t t he mean r e a c t i o n time o f a 
d r i v e r i n a p p l i c a t i o n o f brakes i s about 0.7 sec (8). The time spacing 
data were analyzed t o determine the number o f d r i v e r s t h a t space them­
selves a t 0.9, 0.7 and 0.5 or les s seconds. The data, as a f u n c t i o n o f 
three-lane volume, were f i t t e d t o curves as shown i n F i g i i r e l6. The 0.9-
and 0.7-sec curves are p a r a b o l i c ; but the 0.5-sec ciirve i s l i n e a r and i n ­
dicates t h a t about I percent o f d r i v e r s use a spacing ^ sec or l e s s i r ­
r e s p e c t i v e o f the volume. 

Another i n t e r e s t i n g f a c e t developed from the time spacing data. I t 
was found t h a t t r a f f i c behavior i s somewhat analogous t o the charging o f 
an e l e c t r i c a l c a p a c i t o r . Thus, i n Figure 17 a f a m i l y of curves showing 
cumulative percentage o f volume as a f u n c t i o n o f time spacing w i t h v o l ­
ume as a parameter were f i t t e d t o the data. The l a r g e s t d e v i a t i o n o f 
data from the curve was found a t the highest volume and was not l a r g e r 



30 

(33,938 VEHICLES) 

u. 

UJ 
4 0 0 

111 
o 

DC 
111 

300 

O 200 
o 

o 
^ 100 
to 

< a 
o 0 

\ V 
lOOAL s m 
OLUME«: 

CIN6=50I-
1250 VE 

0.28V 

o 
MO 3AL SPAC 

OLUME ^ 
NG = I86-
1250 VE^ 

0.02 V 
H/HR. o o • 

3AL SPAC 
OLUME ^ 

NG = I86-
1250 VE^ 

0.02 V 
H/HR. 

Figure 13. 
a l l lanes 

1000 2000 3000 4000 5000 6000 7000 8000 
T H R E E L A N E VOLUME ( V E H I C L E S P E R HOUR) 

Passenger v e h i c l e modal spacing, northbound and southbound, 
combined—John C. Lodge Expressway (normal weekday t r a f f i c , 6 
A.M. thr o i i g h 7 P.M., dry pavement, June 1957). 

than 10 percent. The d e v i a t i o n between e m p i r i c a l data and the l e a s t square 
f i t diminished as the volume decreased. 

For example, a t a volume o f 3,000 vph i t i s expected t h a t 'jk percent 
of E i l l v e h i c l e s w i l l be spaced a t k sec or l e s s . The mathematical func­
t i o n t h a t describes the data i s o f the form 

Cimulative Percentage = (1 - S - ^ V A ) . 

I t i s , o f course, dangerous t o i n t e r p r e t t h i s equation l i t e r a l l y as exact­
l y t he same as t h a t d e s c r i b i n g the charging o f a capac i t o r i n a se r i e s 
capacitance-resistance c i r c u i t because the " t " i n Figure I 7 i s not an i n ­
dependent v a r i a b l e , i . e . , the cimiulative percentage i s not changing con­
t i n u o u s l y as a f u n c t i o n o f t i m e . However, i t i s i n t e r e s t i n g t o draw the 
analogy t h a t the constant "A" corresponds t o the capacitance "C" o f a 
ca p a c i t o r and vol\jme (V) corresponds t o the c o n d u c t i v i t y — r e c i p r o c a l o f 
r e s i s t a n c e — o f the r e s i s t o r . 

The data discussed thus f a r were s p e c i f i c a l l y f o r t r a f f i c behavior 
on dry pavement p r i m a r i l y because r a i n data during the p e r i o d of observa­
t i o n were l i m i t e d . However, a reasonable nimber (seven) o f ̂ -mln samples 
were taken t o e s t a b l i s h the e f f e c t o f r a i n on the mean v e l o c i t y f o r the 
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same volumes t h a t were measured during d r y c o n d i t i o n s , 
t h i s i n f o r m a t i o n according t o lane. 

TABLE 1 

Table 1 summarizes 

Change i n Mean 
Lane V e l o c i t y Due t o Rain 

Curb -8.7 
Middle -8.6 
Median -12.1̂  

S i m i l a r comparison was made between day and n i g h t d r i v i n g d u r i n g sim­
i l a r volumes. This i n f o m a t l o n i s given i n Table 2. 

TABLE 2 

Change i n Mean 
Lane V e l o c i t y a t Night 

Curb -h.3 
Middle -k.h 
Median -6.6 
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No d i f f e r e n c e e x i s t e d i n mean v e l o c i t y a t s i m i l a r volumes between 
weekday and weekend d r i v e r s . 
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REAR-END COLLISIONS 
This paper r e p o r t s i n d e t a i l p r i m a r i l y the r e s i a l t s o f daytime, week­

day main roadway t r a f f i c behavior. Because of t h i s , o n ly the rear-end 
c o l l i s i o n s d u r i n g 1956 t h a t occurred under these c o n d i t i o n s were used i n 
studying c o r r e l a t i o n between these accidents and d r i v e r behavior. A t o t a l 
of 223 rear-end c o l l i s i o n s were r e p o r t e d on the Lodge Expressway du r i n g 
1956, but only IO9 as Table 3 shows, matched the c o n d i t i o n s o f t h i s study. 

TABLE 3 

Time Northbound Southbound T o t a l 

6 A.M. - 12 Noon 6 3h 1̂ 0 
12 Noon - 7 P.M. 11 

IT 
58 
92 

69 
109 

However, a l l d r y pavement, weekday rear-end c o l l i s i o n s were used t o 
show the percentage of these rear-end c o l l i s i o n s as a f i m c t i o n of hour o f 
day (Figs. 18 and I9). 

An attempt was also made t o e s t a b l i s h a " t r e n d " curve between r e a r -
end c o l l i s i o n s and volime. A sample of I09 accidents appears too small 
t o e s t a b l i s h s t a t i s t i c a l s i g n i f i c a n c e of the r e l a t i o n s h i p . Nevertheless, 
a regression l i n e was e s t a b l i s h e d f o r the data representing number o f 
rear-end c o l l i s i o n s annually d u r i n g d a y l i g h t and the v o l m e a t time o f 
axjcldent. This i s shown i n Figure 20. Three p o i n t s r e p r e s e n t i n g n i g h t 
rear-end c o l l i s i o n s under otherwise s i m i l a r c o n d i t i o n s are p l o t t e d f o r 
comparison. The r e l a t i o n s h i p shown i s o f necessity dependent on the v o l ­
ume d i s t r i b u t i o n , i . e . , the percentage o f time a given volume would be 
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expected. This d i s t r i b u t i o n i s also p l o t t e d on the same f i g u r e . Using 
p r e v i o u s l y e s t a b l i s h e d r e l a t i o n s h i p s between volume and mean v e l o c i t y , 
rear-end c o l l i s i o n s could be r e a d i l y p l o t t e d as a f u n c t i o n o f mean ve­
l o c i t y . 
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Traffic Behavior and On-Ramp Design 

ICHIRO FUKOTOME and KARL MOSKOWITZ 
Assistant T r a f f i c Engineers, 
C a l i f o r n i a Division of Highways 

Three ramp terminal designs were painted successively 
at one on-ramp location. The f i r s t sequence of ob­
servations was made with the ramp curb encroaching on 
the shoulder (2 f t from edge of freeway pavement) and 
a second sequence was observed with the ramp curb off­
set shoulder width from the freeway pavement ( i n t h i s 
case 8 f t ) , r e s u l t i n g i n s i x separate studies. Speed 
and placement of vehicles were recorded and movies 
were taken during each phase. Freeway volume varied 
from 2,l|-00 to 6,000 vph, while ramp volume varied from 
214-0 to 1,200 vph. Findings include the following: 

1. A l l three designs resulted i n s i m i l a r vehicle 
paths, because e s s e n t i a l l y they were a l l l i b e r a l de­
signs and t r a f f i c was able to drive a natural path. 
When the nose was of f s e t , a long gradiial taper (50:l) 
appeared to cause vehicles to use a greater portion of 
the ramp than a p a r a l l e l ramp of the same length. 

2. Somewhat more length was used at low volumes 
than at high volmes, except during the 8-ft offset 
50:1 taper phase, where the length used was approx­
imately constant for a l l volimes. 

3. Merging distance required at high turning 
speed i s as great as that required at low speed. 

k. The natural path of nearly a l l vehicles I s 
contained within a 50:1 taper, and t h i s design pro­
vides s u f f i c i e n t acceleration distance f o r gill turning 
speeds. 

I t i s concluded that ramp termlnea design should 
be standardized and a tentative standard i s offered 
together with supporting data and reasoning. 

# I N CAUIFORNIA, where more than 600 t r a f f i c Interchanges have been con­
structed, the shape of on-ramp terminals has gone through an evolutionary 
process t h r o i 3 g h the years. I n general, t h i s process has been i n the d i ­
rection of more l i b e r a l design to provide greater smoothness I n merging 
operations. There i s s t i l l discussion, however, as to how l i b e r a l the de­
sign should be. On one hand i s the requirement of l i b e r a l i t y as determined 
through experience to date, and on the other are the l i m i t a t i o n s of cost 
and space. 

The objective of the present study was to provide a f a c t i i a l background 
regarding t r a f f i c behavior as affected by ramp geometry. 

SITE 
At the Ashby Avenue Interchange on the Eastshore Freeway (US ho) j u s t 

across the Bay from San Francisco ( F i g . l ) , there was an entrance ramp 
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Figure 1. Looking south on Eastshore Freeway. Ashby Avenue Interchange 
i n foreground with study s i t e noted. This picture was taken before stud­

i e s began and shows a two-lane entrance ramp terminal. 

o r i g i n a l l y designed as a two-lane ramp. This design resulted i n a triang­
u l a r area beyond the ramp nose 6k0 f t long and 28 f t wide at the nose 
(Figs. 2, 3 and k). This unusual paved area provided an opportunity for 
testing several different shapes of ramp terminal while other variables 
remained constant. The freeway i s l e v e l tangent and has k lanes i n each 
direction. 

I t would have been desirable, for study purposes, to se l e c t a loca-
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Figure 2. Test s i t e with ramp curb encroaching on shoulder ( 2 f t from 
edge of freeway pavement). 

Figure 3. Test s i t e with ramp curb offset shoulder width ( i n t h i s case 8 
f t from freeway pavement)• 
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Figure k. Diagram of t e s t site—southbound Ashby Avenue on-ramp on Eastshore Freeway. 
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t i o n where merging volumes exceeded capacity. Some such locations e x i s t 
i n C a l i f o r n i a , but the opportunity to t r y various shapes does not occur 
at these locations. However, the volumes at the location selected are 
substantial, and the maximims observed exceed commonly accepted values for 
" p r a c t i c a l capacity." The peak hour volume on the ramp i s 900, merging 
with l)-,800 for a t o t a l of 5,700 vph i n the morning peak, and 800 on the 
ramp merging with 3,000 on the freeway i n the evening peak. During the 
peak hours observed i n t h i s study, the hourly rate on the four lanes going 
away from the end of the merging area exceeded 5,800 vph for about 30 mln 
out of the hour. The t o t a l Includes 7«T percent trucks. 

The vehicles on the ramp do not come at random In t e r v a l s (as they do 
on the freeway) because of signal controls on the st r e e t system about k,000 
f t before the nose. The ramp ve h i c l e s , which come i n platoons, make the 
instantaneous merging rate much higher than the 5-mln volumes indicated 
and r e s u l t i n some momentary congestion. However, these momentary accor­
dions l a s t such a short length of time that no backup occurs and the av­
erage speed i s affected very l i t t l e . 

The speed of on-ramp vehicles i s controlled by a 700-ft radius curve, 
which i s good for about 50 mphj i n other words, i t can be assumed that the 
distance required a f t e r passing the nose i s needed for merging and not for 
acceleration. 

Observations were spaced at l e a s t one week apart to permit the t r a f ­
f i c to become accustomed to the geometric changes. The location and meth­
od of study were chosen to minimize the e f f e c t of variables other than 
ramp terminal geometry. 

DESCRIPTION OF RAMP SHAPES STUDIED 
The sequence of observation was as follows: 
1. One-lane 50:1 ( i n t h i s report, a ramp terminal described by a 

ra t i o such as "50:1" i s a constantly tapering area, with the r a t i o rep­
resenting the cotangent of the angle of convergence between the outer 
edge of the ramp terminal and the pavement edge of the freeway) on-ramp 
with lane s t r i p e on l e f t and a painted hatched area on right ( F i g . 5 ) . 
The right-hand edge tapers from l8 f t at the curb nose of the on-ramp to 
8 f t i n a distance of 500 f t . An imaginary projection of t h i s right-hand 
edge would go another hOO f t , making a t o t a l of 900, to an intersection 
with the right-hand edge of the through lane. 

2. One-lane p a r a l l e l on-ramp with lane s t r i p e on l e f t and hatched 
area on right ( F i g . 6 ) . I n the p a x a l l e l ramp, the right-hand edge was 
c a r r i e d p a r a l l e l to the through pavement, and 12 f t wide, up to a point 
500 f t beyond the nose, and then squeezed off on a 30:1 ( r o l l e d gutter) 
taper for 120 f t , at which point i t was 8 f t from the through pavement. 
An imaginary projection of the right-hand edge would int e r s e c t the pave­
ment i n another 2h0 f t , or a t o t a l of 86o f t from the nose. 

3. One-lane 30:1 on-ramp with lane s t r i p e on l e f t and hatched area 
on right ( F i g . 7 ) . The t o t a l length to the Imaginary intersection of the 
rig h t edge was ^ho f t . 

h. The above ramp shapes were repeated with the ramp curb recon­
structed at a distance of 8 f t (freeway shoiilder width) from the edge of 
the through t r a f f i c lanes, r e s u l t i n g i n s i x separate studies. Recon­
structing the cvccb moved the curb nose back I30 f t as shown i n the i n ­
s e r t s i n Figures h, 5, 6 and 7. 
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The t r a n s i t i o n from 2 lanes t o 1 and the d e l i n e a t i o n o f the various 
seqioences i n the study were by means of white t r a f f i c p a i n t . The t r a n s i ­
t i o n from 2 lanes t o 1 i s shown i n Figure k. 

T r a f f i c obeyed the p a i n t almost i m l v e r s a l l y . The ex c e p t i o n a l car 
t h a t t r a v e l e d across the hatched area had no measurable e f f e c t on the data. 

METHOD OF COLLECTING DATA 
F i e l d data f o r t h i s study were c o l l e c t e d i n the f o l l o w i n g manner: 
A l l observations were made manually and based on 5-min counts w i t h 

2 min between periods t o recor d the data. Observers were l o c a t e d on the 
fr o n t a g e road behind a chain l i n k fence. 

1. Ramp Count—^made a t th e nose o f the ramp. The number o f autos 
and t r u c k s were recorded f o r each p e r i o d and each break between periods. 

2. Ramp Speeds—computed from observations w i t h stop watches and 5 
consecutive speed t r a p s I50 f t i n l e n g t h marked w i t h road tubes across 
the ramp. The f i r s t speed t r a p was 15O f t back o f the ramp nose and the 
l a s t one was k^O f t t o 60O f t beyond the nose as shown on Figxire k. Sam­
ple s were taken continuously and times recorded f o r sample v e h i c l e s t o 
t r a v e l from one msa-k t o the other. 

3. L a t e r a l Placements—observed a t 5 l o c a t i o n s a t lOO-ft i n t e r v a l s 
from the nose as shown on Figure k. Each l o c a t i o n was marked by 5 l i n e s 
1 f t a p a r t , s t a r t i n g from the edge o f freeway pavement. One man observed 
each l o c a t i o n and recorded the distance from the edge of the freeway pave­
ment t o the r i g h t r e a r wheel of the ramp v e h i c l e s . 

k. End o f Ramp Count—^made a t l o c a t i o n 60O f t from nose. Counts 
were made o f the number o f v e h i c l e s i n Lane 1 and on the ramp. 

5. Freeway Count—made by lanes before the merging area o f the ac­
c e l e r a t i o n lane. 

6. Freeway Speeds—computed from stopwatch observations o f speed 
t r a p s as shown i n Figure k. S t a t i o n s I50 f t apart were p a i n t e d i n each 
la n e . Time t o t r a v e l the distance between the two s t a t i o n s was estimated 
t o the nearest O.O5 sec. 

7. Freeway Lane Changes—observed from the l o c a t i o n o f freeway count 
t o end o f a c c e l e r a t i o n lane. The lane changes made by t r a f f i c t h a t was 
already on the freeway were not s i g n i f i c a n t i n the study. However, i t 
should be mentioned t h a t a major interchange having a 3-lane branch con­
n e c t i o n t o Oakland on the l e f t and a three-lane branch t o the San Fr a n c i s ­
co Bay Bridge on the r i g h t was l o c a t e d l - j mi beyond t h e observation s i t e . 
For t h i s reason, t h e r e was a n o t i c e a b l e tendency f o r many o f the ramp cars 
t o weave r i g h t on across i n t o Lanes 2 or 3 (and o c c a s i o n a l l y Lane k) i n ­
stead o f merging i n t o Lane 1. I t i s assumed t h a t most o f these cars were 
heading f o r the l e f t - h a n d branch o f the major interchange. 

ANALYSIS OF DATA 
Due t o the wide range o f ramp and freeway volumes dxiring the study 

of each on-ramp design, i t was necessary t o c l a s s i f y placement and speed 
data i n t o volume groups so t h a t comparisons between the t h r e e designs 
could be made f o r equal volime c o n d i t i o n s . The volume groups were d i v i d ­
ed as given i n Table 1. 

Thus a group l a b e l e d R l - F2 has a 5-min ramp volume between 20-39 
v e h i c l e s and a 5-mln freeway volume between 20O-299 v e h i c l e s . Freeway 
volume d i s t r i b u t i o n by lane i s given f o r a l l v o l m e groups i n Table 2. 



TABLE 1 

VOLUME GROUP CLASSIFICATION 

^1 

Free-
Ramp 5-Min Hourly way 5-Mln 
Group Volume Rate Group Volume 

R 1 20 -39 2kO-k'J9 F 1 100-199 
R 2 1^0-59 1^80-719 F 2 200-299 
R 3 60 -79 720-959 F 3 300-399 
R k 80-100 960+ F k I1OO-5OO 

Hourly 
Rate 

Ho\jrly 
Rate 

i n Lane l a 

1,200-2,1^00 
2,1^00-3,600 
3,600-lj- ,800 
1^,800-6,000 

190-380 
380-580 
580-770 
770-960 

^ Hourly r a t e i n Lane 1 based, on 16 percent o f freeway volume (see Table 
2 ) . This volume does not include ramp v e h i c l e s . 

TABLE 2 
DISTRIBUTION BY LAHE AT APPROACH TO ON-RAMP MERGING AREA 

Lane 1 Lane 2 
Volume Raaip 

Lane 3 
2 - f t Curt B - f t Curb 2 - f t Curb B - f t Cvirb 2 - f t Curb d - f t Curb 

Lane h 
2 - f t Curb iJ-ft Curb 

Group Design Offset 
W 

Offset 
W 

Offset 
W 

Offset 
W 

Offset Offset 
(*) 

O f f s e t 
W 

Offset 

5 0 : 1 1 9 . 1 1 7 . 0 2 6 . 0 2 6 . 7 3 1 . 8 3 1 . 4 2 3 . 1 2 4 . 9 

R l - F l P a r e a i e l 1 9 . 1 1 7 . 9 2 7 . 4 2 5 . 6 3 0 . 7 3 0 . 4 2 2 . 8 2 6 . 1 

3 0 : 1 l 6 . o l l f . 8 2 9 . 7 2 7 . 9 3 2 . 5 3 2 . 1 2 1 . 8 2 5 . 2 

5 0 : 1 1 6 . 5 1 6 . 0 2 4 . 2 2 3 . 9 3 1 . 9 3 1 . 6 2 7 . 4 2 8 . 5 

R1-F2 P a r e a i e l 1 7 . 1 X 2 3 . 1 X 3 1 . 1 X 2 8 . 7 X 

3 0 : 1 1 2 . 6 1 7 . 0 2 5 . 2 2 3 . 5 2 9 . 7 3 1 . 3 3 2 . 5 2 8 . 2 

5 0 : 1 1 7 . 6 1 5 . 6 2 5 . 6 2 5 . 8 3 1 . 9 3 2 . 4 24 . 9 2 6 . 2 

R2-F1 P a r a l l e l 1 6 . 1 1 6 . 0 2 5 . 0 2 5 . 8 3 1 . 8 3 0 . 7 2 7 . 1 2 7 . 5 
3 0 : 1 1 6 . 2 l i t . 6 2 8 . 8 2 4 . 9 3 0 . 8 3 3 . 2 2 4 . 2 2 7 . 3 

5 0 : 1 1 5 . 8 1 U . 8 2 5 . 3 2 5 . 4 2 9 . 9 3 0 . 2 2 9 . 0 2 9 . 6 

R2-F2 P a r a l l e l 1 6 . 6 1 4 . 9 2 5 . 4 24 . 2 3 0 . 5 3 1 . 0 2 7 . 6 2 9 . 9 

3 0 : 1 1 5 . 1 1 5 . 2 2 5 . 1 2 4 . 2 3 1 . 6 3 1 . 2 2 8 . 0 2 9 . 4 

5 0 : 1 1 5 . 7 l 5 . i t 2 6 . 6 2 2 . 2 2 9 . 1 2 8 . 7 2 9 . 6 3 3 . 7 
R2-F3 P a r a l l e l 1 5 . 0 1 5 . 2 2 4 . 0 2 6 . 5 3 0 . 4 3 0 . 2 3 0 . 6 2 8 . 1 

3 0 : 1 1 5 . 5 X 2 3 . 9 X 3 0 . 0 X 3 0 . 6 X 

5 0 : 1 1 5 . 1 1 5 . 5 24 . 4 2 3 . 9 3 0 . 6 2 9 . 9 2 9 . 9 3 0 . 7 
R3-F2 P a r a l l e l l l ^ . 5 I k . l 2 6 . 1 2 4 . 1 3 0 . 2 3 1 . 0 2 9 . 2 3 0 . 8 R3-F2 

3 0 : 1 1 6 . 7 16.h 2 4 . 8 2 1 . 8 3 0 . 1 2 8 . 7 2 8 . 4 3 3 . 1 

5 0 : 1 1 5 . 8 1 5 - 7 2 4 . 8 2 3 . 3 2 9 . 3 2 9 . 7 3 0 . 1 3 1 . 3 
R3-F3 P a r a l l e l 1 6 . 0 ik.B 2 2 . 1 24 . 0 2 9 . 4 2 8 . 2 3 2 . 5 3 3 . 0 R3-F3 

3 0 : 1 1 6 . 7 1 5 . 0 2 4 . 1 24 . 2 2 8 . 4 2 8 . 9 3 0 . 8 3 1 . 9 

5 0 : 1 1 5 . 6 1 4 . 6 2 4 . 7 2 3 . 0 2 9 . 0 2 7 . 9 3 0 . 7 3 4 . 5 
R3-Flt- P a r a l l e l ik.B 1 3 . 2 2 4 . 5 2 2 . 2 2 8 . 4 3 0 . 7 3 2 . 3 3 3 . 9 R3-Flt-

3 0 : 1 1 5 . 7 14 . 7 2 4 . 1 2 2 . 6 2 8 . 4 2 7 . 8 3 1 . 8 3 4 . 9 

5 0 : 1 1 5 . 1 1 3 . 6 2 4 . 4 2 9 . 1 3 0 . 6 3 0 . 1 2 9 . 9 2 7 . 2 
Rlt-F2 P a r a l l e l 1 3 . 1 1 3 . 8 2 5 . 3 2 2 . 2 3 3 . 2 3 0 . 0 2 8 . 4 3 4 . 0 

3 0 : 1 1 6 . 7 1 4 . 1 2 4 . 8 2 5 . 9 3 0 . 1 2 8 . 7 2 8 . 4 3 1 . 3 

5 0 : 1 1 5 . 7 14 . 8 2 5 . 1 24 . 0 2 8 . 9 2 8 . 6 3 0 . 3 3 2 . 6 

R4-F3 P a r a l l e l 16.U 1 6 . 7 24 . 4 2 3 . 3 2 9 . 1 2 8 . 4 3 0 . 1 3 1 . 6 R4-F3 
3 0 : 1 1 6 . 3 1 3 . 8 2 4 . 3 2 2 . 8 24 . 7 2 9 . 7 3 2 . 0 3 3 . 7 

50 : 1 1 5 . 6 1 6 . 4 2 4 . 0 2 2 . 3 2 8 . 3 2 9 . 0 3 2 . 1 3 2 . 3 
Rlt-F4 P a r a l l e l 1 5 . 9 1 4 . 6 2 1 . 5 2 2 . 9 3 0 . 8 2 9 . 1 3 1 . 8 33.lt 

3 0 : 1 1 6 . 0 1 3 . 4 2 2 . 8 2 2 . 9 2 9 . 0 2 9 . 6 3 2 . 2 3 4 . 1 

NOTE: X i n d i c a t e s I n s u f f i c i e n t data. 
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TABLE 3 

NUMBER OF RAMP VEHICLES OBSERVED IH EACH VOLUME GROUP 

One-way Freevay Volume Rate Prior to Ramp (vph) 
10 W 

Ramp Vol­ l , 2 0 0 - 2,l | - 0 0 2 . 1 t 0 0 - 3 , 6 0 0 3 ,600-l+,800 U , 8 0 0 - 6 , 0 0 0 
ume Hate Hamp 2 - f t Curb 8 - f t Curb 2 - f t Curb B-ft Curb 2 - f t Curb a - f t Curb 2 - f t Curb 8-ft Curb 

(vph) Design Offset Offset Offset Offset Offset Offset Offset Offset 

R l 5 0 : 1 210 335 39 2 0 6 X X X X 
2U0- l t80 P a r a l l e l 172 315 71 X X X X X 

3 0 : 1 1 3 2 333 39 1 0 8 X X X X 
R2 5 0 : 1 360 2 2 7 U50 7 6 8 210 105 X 59 

U8O-72O P a r a l l e l 2 7 9 U60 321 769 160 5 7 56 111* 
3 0 : 1 l f97 2 2 3 551 8 6 9 158 X 9 9 57 

R 3 5 0 : 1 X X 3 i H 3't5 767 330 lf05 1*32 
7 2 0 - 9 6 0 P a r a l l e l X X 2 6 5 3 * 280 1*23 206 70 

3 0 : 1 X X 3U0 2 6 3 4 9 2 6 0 8 29U 2 1 2 
RU 5 0 : 1 X X X 1 0 1 2 5 9 ^31 184 81* 

9 6 0 - 1 , 2 0 0 P a r a l l e l X X 186 9 2 82 90 261* 806 
3 0 : 1 X X 199 1 7 2 251* 3 W 511* 520 

BgEE: X Indicates I n s u f f i c i e n t data. 

I t I s t o "be noted t h a t the d l s t r i h u t i o n f o r the various ramp designs i s 
ver y s i m i l a r and can be minimized as a v a r i a b l e a f f e c t i n g the study. 

I n t h i s study, some cambinations o f volume groups vere e l i m i n a t e d 
due t o i n s u f f i c i e n t data. The groups used i n the a n a l y s i s and the n\m-
ber o f observations i n each group are given i n Table 3-

RESULTS 
Placement 

Paths o f the r i g h t r e a r wheels o f observed v e h i c l e s are shown i n 
Figures 8, 9 and 10 f o r the 2 - f t curb o f f s e t studies and Figures 12, 13 
and ih f o r the 8 - f t curb o f f s e t s t u d i e s . The diagrams on these f i g u r e s 
are drawn on a scale t h a t exaggerates the l a t e r a l distance i n a r a t i o o f 
5 t o 1 as compared w i t h the l o n g i t u d i n a l distance. Each f i g u r e represents 
one ramp t e r m i n a l shape, and the f o u r diagrams on each f i g u r e represent 
the f o u r ramp-volume groups, w i t h the lowest ramp-volume a t the t o p . 

1. I t w i l l be noted t h a t the v a r i a t i o n i n wheel paths f o r changing 
freeway volumes w i t h any given ramp volume i s small. This f a c t does not 
n e c e s s a r i l y show t h a t freeway volume i s unimportant i n determining ramp 
l e n g t h , but i t does suggest t h a t when adequate l e n g t h i s a v a i l a b l e , i t 
w i l l be used du r i n g l i g h t volumes as much as duri n g heavy volumes. 

Because the paths f o r v a r y i n g freeway volumes were s i m i l a r , two ad­
d i t i o n a l drawings were made (F i g s . 11 and I 5 ) i n which freeway volumes 
were combined f o r any given ramp volume. On these diagrams i t i s easier 
t o see the r e l a t i o n s h i p between the paths as a f f e c t e d by geometry. 

2. An unexpected r e s u l t was t o f i n d t h a t as the ramp volume i n ­
creased, the l e n g t h o f ramp used decreased. 

With the 2 - f t curb o f f s e t , the 85th p e r c e n t i l e d i d not change much 
but the 50th p e r c e n t i l e decreased from about 39O f t t o about 3OO f t as 
the ramp volume increased from l e s s than kOO vph t o more than 960 vph. 
With the 8 - f t curb o f f s e t and the 50:1 design, the 50th p e r c e n t i l e de­
creased from about l)-8o f t t o about 420 f t through t h i s volume range and 
w i t h the p a r a l l e l and 30:1 designs, the 50th p e r c e n t i l e decreased from 
about h'^O f t t o 300 f t . During the h i g h ramp volumes, the freeway v o l ­
umes were also higher. 
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Figure 8 . Right r e a r wheel path o f 1 5 , 50 & 85 p e r c e n t i l e v e h i c l e s — 5 0 : 1 tapered on-ramp ( c u r t o f f s e t 2 f t ) , -F-
v o 
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Figiore 9 . Right r e a r wheel path o f I 5 , 50 & 85 p e r c e n t i l e v e h i c l e s — p a r a l l e l on-ramp (curb o f f s e t 2 f t ) , 
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Figure 1 0 . Right rear wheel path o f 1 5 , 50 & 85 p e r c e n t i l e v e h i c l e s — 3 0 : 1 tapered on-ramp (curb o f f s e t 2 f t ) , 
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Figure 1 1 . Right r e a r wheel path of 1 5 , 50 85 85 p e r c e n t i l e v e h i c l e s — v a r i o u s on-ramps (curb o f f s e t 2 f t ) . 
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This r e s u l t (decreased distance w i t h increased volume) was not ex­
pected. However, i t i s easy t o e x p l a i n and should have been expected. I t 
i s simply because more cars come on simultaneously when v o l m e i s h i g h , 
and w h i l e the car (or t r u c k ) a t the head o f the p l a t o o n behaves very much 
l i k e the ones a t the head o f the l i n e d u r i n g the low-volume p e r i o d s , t h e r e 
are more " f o l l o w i n g " cars t h a t are anxious t o get i n t o the main stream i n 
the same gap as the l e a d car than there are during low-volume p e r i o d s . 

3 . Wheel paths were s i m i l a r f o r a l l designs except the 50:1 design 
w i t h an 8 - f t curb o f f s e t , which r e s u l t e d i n a more gradual path a t h i g h 
ramp volumes than the other designs. 

I n r e t r o s p e c t , i t i s not hard t o see why t h i s r e s u l t was observed. 
I t i s because a l l designs s t u d i e d a c t u a l l y provided ample room, e s p e c i a l l y 
i f the 8 - f t paved shoulder c o n t i n u i n g beyond the end o f the taper was 
used, as i t was used by more than I 5 percent o f the v e h i c l e s i n the 3 0 : 1 
study. The 5 0 : 1 and " p a r a l l e l " shapes, as p o i n t e d out i n the i n t r o d u c t i o n , 
a c t u a l l y were w i t h i n kO f t o f being the same l e n g t h . When the study was 
being planned, however, the l a c k o f v a r i a b i l i t y was not foreseen. I t was 
thought, i n s t e a d , t h a t d r i v e r s would be i n f l u e n c e d by the shape. This 
thought was based on the common knowledge t h a t ramps o f many shapes are 
working f a i r l y w e l l , and i t was assumed t h a t d r i v e r s comform t o what i s 
provided. The Important f i n d i n g here i s t h a t they tend t o d r i v e one way 
regardless o f ramp shape, w i t h i n the l i m i t s , o f course, o f what i s a v a i l ­
able t o d r i v e on. 

I t would, of course, be p o s s i b l e t o t h i n k o f endless combinations o f 
geometry and t r y them w i t h many combinations o f ramp and freeway volumes 
and also w i t h s e v e r a l d i f f e r e n t t u r n i n g speeds. I t would not be prudent, 
however, t o experiment w i t h p u b l i c t r a f f i c on a design more r e s t r i c t i v e 
than the 30 :1 study. Despite the la c k o f v a r i a t i o n between the thr e e de­
signs, some p r i n c i p l e s have been evolved which w i l l be discussed l a t e r . 

k. For the low ramp volimies, the 85 th p e r c e n t i l e c a l l s f o r a merg­
i n g distance o f about 60O f t from the p o i n t where the l e f t edge o f the 
ramp i s 6 f t from the edge of the freeway t o the p o i n t where the r i g h t 
wheels enter the through lane. Because the r i g h t - h a n d edge o f the ramp 
i s 18 f t away a t t h e beginning and can be assimied t o be 3 f t away from 
the r i g h t wheel a t the p o i n t where the r i g h t wheel enters the freeway, 
t h i s represents a t a p e r o f I 5 f t i n 60O, or i ( - 0 : l . At higher ramp volumes, 
the distance f o r the 8 5 t h p e r c e n t i l e was s l i g h t l y reduced, but t h i s i s 
mainly because a t the higher v o l m e s , the v e h i c l e s using more than 60O f t 
comprised a smaller percentage o f the t o t a l . 

U n f o r t u n a t e l y , the f r e e - r u n n i n g v e h i c l e s (as opposed t o those caught 
i n p latoons) were not i d e n t i f i e d d u r i n g the study so i t i s not po s s i b l e t o 
make a q u a n t i t a t i v e statement about free-choice paths. However, observa­
t i o n i n the f i e l d , confirmed by study of the movies, showed t h a t the ve­
h i c l e s caught i n a p l a t o o n f e l t o b l i g e d t o s i d l e on over i n t o the freeway 
a t an e a r l i e r l o c a t i o n than d i d the v e h i c l e s a t the head of a p l a t o o n or 
those running by themselves. 

5 . The p e r c e n t i l e paths, as p l o t t e d , i n d i c a t e t h a t v e h i c l e s d r i v e 
n e a r l y a s t r a i g h t l i n e i n s t e a d o f zigzagging. I t was observed i n the 
f i e l d and i s demonstrated i n the movies t h a t t h i s i s the case, although 
i t must be p o i n t e d out t h a t i t wo\ild have been po s s i b l e f o r them t o z i g ­
zag and s t i l l t he l i n e s connecting equal p e r c e n t i l e s could have come out 
s t r a i g h t . With f i v e observation s t a t i o n s , however, i t woi^Ld be extremely 
u n l i k e l y t h a t a s t r a i g h t l i n e f o r a given p e r c e n t i l e c o u l d be drawn thro\agh 
more than two s t a t i o n s i f many o f the i n d i v i d u a l cars comprising t h a t per­
c e n t i l e zigzagged. 
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This point i s made because the " p a r a l l e l " design c a l l s for the ve­
hicles to drive a zigzag path i f they are t o follow the outlines of the 
ramp. 

6. A comparison of Figure 11 with Figure 15 shows that the distance 
from the physical nose i s increased j u s t about the same amount as the nose 
was moved back. This shows that the nose should not be used as a control 
i n computing length required, but that a distance of about 6 f t from the 
edge of the through lanes to the l e f t e(3ge of the ramp marks the r e a l be­
ginning of the merging axea. I t may also be implied that angle of con­
vergence i s a more s i g n i f i c a n t control than distance from the physical 
nose. 

Speed 
Fig\ires l 6 to 21 show the speeds observed f o r each ramp shape and 

volume group. The upper row of boxes on each figure shows the speed of 
ramp vehicles f o r each speed trap labeled on the plan, but does not include 
vehicles which have already entered the freeway. The lower row of boxes 
shows the average speed of entering vehicles at the point of entry i n d i ­
cated. Blank squares i n the boxes indicate a lack of siafficient measure­
ments to establish a r e l i a b l e estimate f o r the parti c u l a r volume combina­
t i o n . The lower right-hand box shows the average speed approaching from 
Lane 1 of the freeway. For studies made with the curb offset 8 f t , ad­
d i t i o n a l average speeds f o r Lane 1 of the freeway at the beginning and end 
of the on-ramp are shown i n the two boxes at the bottom of Figures 19, 20 
and 21. 

1. With a TOO-ft radius approach lane (turning lane), the turning 
speed (box A i n upper row) was i n most cases higher than the merging 
speed. This does not necessarily mean that the ramp area was not used 
f o r accelerating. But i t does Indicate that when drivers attained the 
speed they thought necessary, they drove on i n to the freeway without ac­
celerating . 

2. With ramp curb offset 8 f t , the ramp and freeway speeds were sim­
i l a r f o r a l l ramp designs. 

3. The difference between entering speed and speed of the approach­
ing t r a f f i c i n Lane 1 was from 2 t o 8 mph, and speeds of both the ramp ve­
hicles and freeway vehicles i n the right-hand lane are i n the i|-0-50 mph 
range. 

h. The freeway speeds, to 50 mph, were higher than expected f o r 
Lane 1 which included 35 percent trucks during the off-peak hours and 10 
percent trucks during the peak hours. 

CONCLUSIONS 
As a result of the present study and previous experience of the 

authors i n the design of interchanges and i n making freeway capacity 
studies, i t i s concluded that entrance ramp terminal design should take 
i n t o consideration the following requirements: 

1. A direct alinement should be provided. This study reaffinned 
findings reported elsewhere ( l ) that drivers tend t o follow a straight 
l i n e from the point where ramp curvature ends u n t i l they have entered 
the freeway t r a f f i c lane. 

Merging vehicles can be broadly c l a s s i f i e d as: (a) individual im-
obstructed vehicles, and (b) vehicles i n platoons. The ind i v i d u a l ve­
hicles almost invariably drive a direct l i n e , and i f the outline of the 
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ramp terminal i s a series of curve, then diagonal, then p a r a l l e l , then 
sq.ueeze-off, these drivers cut across the convex corners which appear a l ­
ternately on the l e f t and r i g h t . Vehicles i n platoons frequently execute 
a "left-oblique" maneuver i n which each vehicle can execute either a zig­
zag motion or a direct l i n e . I f the left-oblique i s performed zigzag, the 
azimuths of each path w i l l be equal, whereas i f each vehicle on reaching 
the nose assvimes a d i f f e r e n t azimuth (with the rear vehicle tailing the 
greatest angle of convergence), the same effect w i l l be achieved. At high 
volumes, t h i s effect i s t o be desired, because i t results i n any long gap 
i n the freeway t r a f f i c being f i l l e d . At low volumes, a direct but graduaJ. 
approach w i l l give the freeway t r a f f i c more "notice" that the entering car 
i s encroaching, and thus provide an opportimity f o r cooperative ad.justment 
of speeds. 

The direct alinement, or constant taper design, makes i t possible to 
perform any of these desirable maneuvers. Although the zigzag design w i l l , 
i f long enough, usually provide space f o r the same maneuvers, i t i s always 
possible that the designer may leave a nose or a corner i n such a place 
that t r a f f i c w i l l have to cut across i t , and at best the zigzag design 
w i l l waste pavement on one side while r e s t r i c t i n g clearance on the other. 

2. The angle of convergence i s an important control. Drivers shoiild 
be encouraged to merge at a small angle of convergence (Figs. 22A, 22B, 
22C and 22D). 

A ramp terminal i s essentially an elongated Intersection. I f the i n ­
tersection area i s short, as on a conventional highway, freeway operating 
chaxacteristics are not present and as a resilLt both capacity and safety 
suffer. The difference between t r a f f i c operation at an ordinary i n t e r ­
section and that at a freeway ramp terminal i s primarily i n the angle at 
which the entering t r a f f i c and the through t r a f f i c converge, which i n turn 
controls the l a t e r a l speed at which the entering vehicle approaches a ve­
hicle on the through highway. 

I f the l a t e r a l speed of approach i s slow enough, i t i s almost impos­
sible f o r two cars t o c o l l i d e . One of them w i l l adjust his speed so as t o 
f a l l i n behind the other. I f both cars are i n the centers of the 12-ft 
lanes at the point where the l e f t edge of the ramp lane intersects the 
r i g h t edge of the freeway lane, there w i l l be 6 f t between them and the 
convergence angle should be such that they have about 300 f t i n which t o 
adjust. 

There i s no mathematical formula nor psychological t e s t that can be 
c i t e d t o show that 300 f t i s the amount of distance needed f o r t h i s ad­
justment; neither i s there any to show that 1 sec, 2 sec, or any particu­
l a r length of time i s required. However, a distance such as 300 f t i s much 
easier f o r the driver and, f o r that matter, f o r the engineer t o visualize. 
A distance of 300 f t f o r a l a t e r a l movement of 6 f t r e s i i l t s i n a 50:1 taper. 
With t h i s taper, the entering driver can confidently accelerate continu­
ously, secure i n the knowledge that he w i l l see any freeway vehicle before 
he h i t s i t , and soon enough to avoid h i t t i n g i t . Vice versa, the freeway 
driver w i l l see the entering vehicle before h i t t i n g i t and i n time to ad­
j u s t his speed to avoid i t . 

A p a r a l l e l ramp with a sudden squeeze-off at the end forces a decision 
on the driver: Shall I go on down and take a chance when I get there, or 
sha l l I cut i n short? A constant taper design makes i t easy f o r the driver 
to do what he i s supposed to do, because he has a l i n e t o follow. When 
properly delineated by pavement markings, i t also gives notice t o the free­
way driver that he i s i n a merging area. 
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Foreground ramp c a r I s merging Into a l66-foot, 2.7-sec. 
gap i n Lane 1. Average headway between merged v e h i c l e s I s 
1.35 sec. Note that t h i r d c a r I n Lane 1 I s moving to Lane 2, 
a n t i c i p a t i n g that t r a f f i c I n Lane 1 w i l l slow down s l i g h t l y . 
The four ceirs now occupying 275 f e e t (4.3 sec.) w i l l s t r e t c h 
out to about 5.4 sec. or 400 f e e t . 

Instantaneous r a t e - o f - f l o w i n t h i s p i c t u r e i s : 

Ramp 960 vph 
Freeway Lane 1 (near lane) 860 vph 

Lane 2 950 vph 
Lane 3 l400 vph 
Lane 4 220 vph 

TOTAL 4390 vph 
i | 

Figxxre 22A. Light Traffic—merging maneuvers with a 5 0 : 1 tapered on-ramp 
(heavy white stripe i s 5 0 : 1 taper). 

Another reason why rate of convergence should be a control i s capacity. 
I t has been observed i n capacity studies elsewhere (2,3) that "saturated 
flow" can only be obtained where the squeeze-off distance i s about 5OO f t 
or more. The only way saturated flow (usually more than 2,000 vph per 
lane) can be obtained i s to have more lanes coming i n to a point than go 
away from i t (as i s t y p i c a l of an entrance ramp), and i n order to convert 
the stop-and-go motion behind the point of convergence into steady flow, 
the convergence has to be gradual. 

3. Adequate merging distance should be provided for low volumes as 
well as high volumes. 

I t has been shown i n t h i s study that vehicles entering at low ramp 
and freeway volimies use as much as or more distance than those entering 
at higher volimes. The Rl-Fl group of observations was taken when freeway 
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Foreground ramp c a r I s merging i n t o a 75-foot gap 
(1.2 second) I n Lane 1. T h i s shows t h a t even w i t h very-
l i g h t t r a f f i c , a gradual merge I s n e c e s s a r y . A f t e r the 
merge, the average headway of the 3 c a r s I n the foreground 
w i l l be 0.6 s e c , f o r a s h o r t l e n g t h of time. 

In s t a n t a n e o u s r a t e - o f - f l o w i n t h i s p i c t u r e i s : 

Ramp 600 vph 
Freeway Lane 1 (near l a n e ) 690 vph 

Lane 2 760 vph 
Lane 3 800 vph 
Lane 4 680 vph 

TOTAL 3530 vph 

Figure 22B. Very l i g h t t r a f f i c — m e r g i n g maneuvers with a 50 :1 tapered 
on-ramp (heavy white stripe i s 50 :1 taper). 

volume was less than bOO per lane per hour. Conversely, i t has been shown 
that with a taper which i s adequate for proper merging of a single pair of 
vehicles, there i s adequate length for any combination of ramp and freeway 
volumes up to possible capacity. Controls which c a l l f o r high volumes be­
fore providing adequate merging distance are therefore not tenable. 

Furthermore, the science of predicting t r a f f i c f or a 20-yr period i s 
far from exact. Freeways cost so much and ramp terminals so l i t t l e that 
i t would seem only sensible to design for maximum conditions, especially 
when considering ramp t r a f f i c . One i n d u s t r i a l plant, unforeseen at the 
design stage, not only can change the ramp volume but can r a d i c a l l y change 
the design hourly volume on the freeway I t s e l f . 

k. Adequate merging distance should be provided for high speeds as 
well as low speeds. 
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Foreground ramp car i s merging into a 150-foot, 
2.5-sec. gap. Judging by the space between 2nd and 3rd 
cars I n Lane 1 (about 0.3 s e c ) , 2nd car has yielded right-
of-way to ramp vehicle. This I s the only way that smooth 
flow can be obtained at saturated rate-of-flow. 

Instantaneous rate-of-flow I n t h i s picture I s : 

Ramp l440 vph 
Freeway Lane 1 860 vph 

Lane 2 JSO vph 
Lane 3 l600 vph 
Lane 4 2250 vph 

TOTAL 6910 vph 

Figure 22C. Heavy t r a f f i c — m e r g i n g maneuvers with a 5 0 : 1 tapered on-ramp 
(heavy white stripe i s 5 0 : 1 taper). 

As previously intimated, the higher the speed of the converging t r a f ­
f i c , the more distance i s required for a given length of time i n which 
to adjust speeds, and also the higher the l a t e r a l rate of approach w i l l 
be. This seems self-evident, and yet i t must be mentioned because when 
the length of merging area i s controlled by the difference between turning 
speed and freeway speed, i t turns out that very short merging areas are 
provided f o r high turning speeds. Another way of stating t h i s p r i n c i p l e 
i s that assumed high turning speeds should not result i n reduced merging 
distance. 

At the Ashby Avenue s i t e where the observations were made, the design 
speed of the freeway was 60 mph, and the turning radius was 700 f t . As­
suming that t h i s i s a "high volume" highway. Table V I I - 1 0 of the AASHO 
policy ( l ) would provide a t o t a l length of 250 f t , including taper. Ex-
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Note that by gradual angle of convergence, ramp and 
freeway t r a f f i c w i l l merge l i k e a hand i n a glove. 

Instantaneous rate-of-flow i n t h i s picture i s : 

Ramp «... 1200 vph 
Freeway Lane 1 700 vph 

Lane 2 600 vph 
Lane 3 1200 vph 
Lane 4 l800 vph 

TOTAL 5500 vph 

Figure 22D. Heavy commercial t r a f f i c , especially i n Lane 1—merging ma­
neuvers with a 50:1 tapered on-ramp (heavy white stripe i s 50:1 taper). 

amination of Figures 11 and 15 shows that less than 15 percent of the cars 
observed could have stayed w i t h i n t h i s ramp, and probably less than 5 per­
cent could have driven with 3 - f t clearance on the r i g h t , 

5. In combination with the approach ramp, adequate length should be 
provided for entering cars to accelerate from any turning speed. 

6. I t would be highly desirable f o r every entrance ramp terminal to 
have the same shape. When the length of the ramp terminal i s dependent 
on assumed design speed of the freeway and safe tiirning speed of the ap­
proach ramp, a driver entering a le v e l tangent freeway can be confronted 
with ramp terminals varying from 250 f t t o 1,200 f t i n length, and \mless 
he i s a commuter, he never knows quite what to do; i . e . , whether to stop 
and take a look, to f e e l his way along gingerly, or to boldly step on the 
gas and go on into the t r a f f i c stream as the designer intended him t o . 



70 

0 0 0 £ = d 3 3 

•£ 
3 

C .C 
liJ U) 

1 - ._ 

o « G
ut

t(
 

x: "o 
1- UJ 

-o 

ir 
- 

1 
50

 

ro
e 

7' 
90

0"
 T

o 
• 

40
0' 

To
 1

 o 
cc. 

OOdWoy 

(U 

I 

1 •p m 

[0 

on 

CVJ 

•H 

I t i s obvious that a standard 
design f o r a l l locations would go a 
long way toward eliminating t h i s con­
fusion. A standard design woiild a l ­
so simplify design and staJse-out pro­
cedure, and wo\ild make signing, pave­
ment marking and delineation more 
foolproof and uniform. 

An anomaly which has arisen out 
of designs that vary with assumed 
turning speed i s that the merging 
area i s long (and adequate) at the 
\animportant ramps but i s frequently 
inadequate at the important ramps, 
because the less important ramps 
are usually designed with a sharper 
t\arnlng radius than the more im­
portant ramps. 

7. The 1 0 - f t shoulder offset 
must be accommodated. Current con­
t r o l standards ignore the l a t e r a l 
space between the freeway lane and 
the ramp lane. Because the t o t a l 
length i s controlled by design 
speeds, designs with shoulder o f f ­
sets provide a sharper approach 
angle and a shorter merging distance 
than those with narrow shoulders or 
curb noses adjacent to the freeway 
lane. 

8. Pavement area must not be 
excessive. 

9 . A "natural" or unforced 
appearance should be achieved. 

A ramp design that meets a l l 
of the above requirements i s o f f e r ­
ed i n Figure 23 . This design can be 
used f o r any t y p i c a l application and 
has been adequately tested and ob­
served under t r a f f i c at the Ashby 
Avenue s i t e f o r l e v e l tangent free­
ways with high turning speeds. 

Subjective tests have been made 
showing that a 1952 model 6-cylinder 
medium-priced car with 60,000 miles 
since the l a s t overhaul, and a I958 
6-cyllnder low-priced car can merge 
smoothly with heavy freeway t r a f f i c 
from a 10 mph stsirt at the nose 
(marked "ramp PCC" on the drawing). 
I t may be noted that the length of 
the proposed standard ramp, using 
the d e f i n i t i o n of length given i n 
Fig. VII - 2 0 (p. 494) of the AASHO 
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Policy ( l ) i s 1,070 f t . Accepting the tabular values of the Policy, t h i s 
makes i t s u f f i c i e n t l y long f o r a l l turning speeds on "main" highways re­
gardless of design speed of the l a t t e r , and f o r "high volume" highways 
having design speeds of 60 mph. I t i s long enough f o r "high volume" high­
ways with a 70 mph design speed provided that the turning radius i s I 50 
f t or better. 

I t may be reasoned that the tabular values i n the Policy are con­
servative because of the increase i n auto acceleration during the past 
few years, a trend which i s not l i k e l y to reverse. I t follows that the 
proposed ramp design i s s u f f i c i e n t for low turning speeds as w e l l as the 
high turning speeds observed. 

The data collected i n the present study would warrant a 4 0 : 1 taper 
instead of 50 :1 i f the 85 percentile vehicle path i s accepted as being 
a l l that should be accommodated, but 50 :1 i s recommended, f i r s t because 
of the margin of safety, and f o r two other reasons: i t makes the ramp 
terminal long enoxagh to accommodate a l l the lengths i n the AASHO table, 
and t h i s i n turn makes i t possible to use a \iniform shape at a l l locations. 
The difference between a i ) -0:l and a 50 :1 taper amounts to 35 sq yd of pave­
ment and 107 sq yd of shoulder, outside of the 1 0-ft shoulder of the 
through roadway. 

The 3 , 0 0 0-ft radius curve shown i n Figure 22 was arrived at because 
i t was desired t o lose width as rapidly as possible f o r the sake of econ­
omy, and yet not introduce so much delta that a straight ramp from a d i ­
amond interchange would require a reverse curve. 

Any offset between nose and through pavement can be f i t t e d to t h i s 
curve without changing the design. The 8-in. s o l i d stripe has proven very 
effective i n guiding t r a f f i c i n t o the desired 50 :1 taper. 

EFFECT OF GRADES 
Although no quantitative observations were made of t r a f f i c behavior 

on ramps having grades, the logic of the r e l a t i o n between grade and length 
may be examined. I t i s obvious, of course, that f o r a given increase i n 
speed, more length i s required by a car (on the ramp) going u p h i l l than 
on the l e v e l . But i t i s also true that vehicles i n the right-hand lane 
of a freeway going u p h i l l are on the average moving much less than 50 mph. 
"Design speed" here becomes meaningless. Passenger cars on the entering 
ramp can easily overtake the slow vehicles on the freeway with less accel­
eration distance than they need on the l e v e l , and the time rate of conver­
gence i s less than i t would be on the l e v e l with the same taper. Passenger 
cars i n the right-hand lane of the freeway w i l l have less d i f f i c u l t y avoid­
ing entering cars than they w i l l have avoiding slow trucks that are already 
on the freeway and which they encounter continuously on the main l i n e . I t 
therefore seems that the design shown i n Figure 23 w i l l work on any grade. 
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A Study of Freeway Traffic Operation 

CHARLES J. KEESE, Research Engineer; 
CHARLES PINNELL, Assistant Research Engineer; and 
WILLIAM R. McCASLAND, Research Assistant; 
Texas Transportation I n s t i t u t e , Texas A. and M. College 

I n 1956 the Texas Transportation I n s t i t u t e i n i t i a t e d 
a research project f o r the Texas Highway Department 
to correlate freeway operational characteristics with 
design features. A preliminary report of t h i s stu(3y 
has been published i n HRB B u l l e t i n I70. The data pre­
sented herewith represent additional studies and anal­
yses of t h i s work. 

The study was made p r i n c i p a l l y by the motion pic­
ture method, which f a c i l i t a t e d the simultaneous evalu­
ation of various operational characteristics and pro­
vided the d i s t i n c t advantage of being able t o re-create 
t r a f f i c situations f o r more thorough study. T r a f f i c 
operations were recorded on approximately 22,000 f t 
of 16-mm f i l m during the course of nine separate stud­
ies made on freeways i n Houston, Dallas, and Fort 
Worth. 

Research was conducted on: operation and capacity, 
freeway volimie control, lane use and placement, en­
trance ramps, and weaving. A study of freeway median 
design was also made and the results axe being present­
ed i n a separate report. 

The results of these various studies Indicate 
that the factors having the greatest effect on free­
way operation are the design and operation of ramps 
and interchanges. Additional research and development 
are needed i n t h i s area. 

The volume control, weaving, and entrance ramp 
studies produced some si g n i f i c a n t results which are 
discussed i n the report and w i l l contribute to over-all 
knowledge of freeway operation. 

• n o LONGER mere designers' dreams, freeway-type f a c i l i t i e s are rapidly 
becoming v i t a l parts of the vast highway system of t h i s nation. Because 
the development of such f a c i l i t i e s has been so rapid and the problems of 
research on such fac i l i t i e s — e q u i p m e n t required, volume of data, magnitude 
of the p r o j e c t — s o complex, r e l a t i v e l y l i t t l e comprehensive evaluation of 
freeway t r a f f i c operation and the various freeway design features has been 
possible. 

Though freeway f a c i l i t i e s have served exceedingly well i n the capacity 
f o r which they were b u i l t , some operational d i f f i c u l t i e s have developed 
and there i s a need f o r data from which to correlate the effects of design 
on the operational characteristics of the freeways. Data of t h i s type w i l l 
aid i n an evaluation of present design of the various elements and provide 
the basis f o r future design that woiild eliminate some of the present op­
erational d i f f i c u l t i e s . 
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Because of the lack of s u f f i c i e n t information as to the i n t e r r e l a ­
tionships of certain design features and t h e i r combined effects on cer­
t a i n operational characteristics, a research project was mdertaJcen, be­
ginning i n May 195^, by the Texas Transportation I n s t i t u t e of Texas A. 
and M. College f o r the Texas Highway Department t o explore the operation­
a l characteristics of the Texas freeways and determine what featiires war­
ranted specific study and analysis. 

The purpose of t h i s project was to determine the effects of certain 
geometric features of freeways on t r a f f i c operation through a study of 
the actual operation of vehicles on representative sections of freeways 
i n Texas c i t i e s . 
Method of Study 

Because of two complex f a c t o r s — t r a f f i c maneuvers and the i n t e r r e l a ­
tionship between various design features and those maneuvers—it was im­
possible to gather from on-the-spot observation and manual tabulation suf­
f i c i e n t data f o r analysis. After consideration of various methods of ob­
tain i n g data on operational characteristics of freeway t r a f f i c , the mo­
t i o n picture type of study was selected as the best f o r providing the 
simultaneous evaliiation of such complex operational characteristics of 
t r a f f i c i n a study area. I n addition, the motion picture provided the 
p o s s i b i l i t y of restudy of specific t r a f f i c conditions recorded on f i l m . 

T r a f f i c operation on representative sections of the freeways was re­
corded on f i l m by the use of a l6-mm motion picture camera. The f i l m i n g 
was done from a vantage point at a considerable elevation above the t r a f ­
f i c stream. Three types of towers were used to obtain the necessary 
vantage point. For the Dallas studies, a tower truck was parked on an 
overpass structure overlooking the freeway, and f o r the Giilf Freeway stud­
ies, a k8-ft temporary tower was f i r s t used and l a t e r replaced by the 60-
f t portable tower shown i n Figure 1. This portable tower, designed spe­
c i f i c a l l y f o r the photographic studies, was also used f o r the Fort Worth 
studies. In the f i r s t series of studies, pictures were made by a com­
mercial photographer at a constant camera speed of 8 frames per sec; af­
te r a camera was acquired for the research project, pictures were made at 
a speed of 10 frames per sec. Both camera speeds allowed the accurate 
determination of vehicle speeds, headways and other desirable t r a f f i c 
characteristics. 

A 12-in. e l e c t r i c clock with a sweep second hand was positioned to 
appear i n an unused portion of each frame of the motion picture f i l m . 
Though time-distance relationships were determined by frame co\ant, the 
clock provided a check on camera speed and a record of the period of the 
day. Figure 2 shows a sample of the motion picture f i l m and the location 
of the clock. 

Transverse white lines were painted on the pavement I76 f t apart t o 
provide reference points f o r speed, headways and other time-distance de­
terminations . 

Two projectors were used to analyze the motion pictures. The f i r s t , 
which maintained constant focus and contained a daylight screen i n the 
machine, was used to obtain time-space relationships. This projector 
(Fig. 3 ), was especially constructed so that i t could be stopped f o r 
" s t i l l " or single-frame viewing. Because the f i l m was held f i r m l y between 
two glass plates, warping from lantern heat was eliminated. A microfilm 
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reader was used i n obtaining place­
ment data. I t projected an imago 
at a f i x e d magnification vhich 
could be scaled. Both projectors 
provided the advantage of being 
able to replay or re-create t r a f f i c 
situations as well as stopping the 
f i l E i to permit more comprehensive 
visual analysis of each frame of 
the movie. 

In order to obtain average 
weekday conditions on t}ie freeways, 
the survey motion pictures were 
taken on either a Tuesday or Wed­
nesday, or both. Test f i l m was 
usually taken on the previous Mon­
day. The tower from which the f i l m 
was taken was erected at each s i t e 
at least one week previous to the 
f i l m study and personnel were on 
tne tower at pealv periods diiring 
t h i s time. Observations made be­
fore and during the study did not 
indicate t l i a t the tower or the per­
sonnel on the tower caused any ap­
parent influence on the driving 
pattern of the freeway t r a f f i c . 

Continuous motion pictures 
were taken of each te s t section f o r 
approximately 1 hr and 30 min dur­
ing the morning and evening peak 
periods (7:00-8:30 a.m., 5:00-6:30 
p.m.) and f o r 1 nr (9:30-10:30 
a.m.) during off-peak conditions. 

Selection of Study Sites 
During the early phases of the 

study, the Project Advisory Commit­
tee, composed of representatives of 
the Texas Highway Department and 
the c i t i e s i n which studies were 
made, selected three sites showing 
the greatest operational d i f f i c u l ­
t i e s : one section of the Gulf Free­
way (Calhoun to Scott) i n Houston, one section of the Central Expressway 
(Fitzhugh to Haskell) i n Dallas, and one section of the East-West Free­
way (University to Montgomery) i n Fort Worth. 

The Gulf Freeway i n Houston and Central Expressway i n Dallas were 
similar f a c i l i t i e s . Both had three lanes i n each direction, diamond-
type interchanges, continuous one-way frontage roads through the study 
area and the same type pavement. Figures h and 5 show the general lay­
out of the freeways. 

m 

Figure 1. Portable tower used i n 
f i l m i n g freeway t r a f f i c . 
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Figure 2. Sample of motion plctuxe 
f i l m from freeway studies. 

Though similar i n over-all con­
struction characteristics, the 
Houston and Dallas freeways had 
several p r i n c i p a l differences i n de­
sign. The through lanes of the Gulf 
Freeway overpassed the intersecting 
roadwaysJ the through lanes of the 
Central Expressway were under the 
intersecting roadways. The Gulf 
Freeway had a k-ft concrete median 
with 6-in. barrier-type curbs; the 
Central Expressway had an 11-ft 
grassed median with 6-in. mountable 
curbs. In the survey section of the 
Gulf Freeway, there were f u l l width 
acceleration lanes for entering t r a f ­
f i c ; i n the s\irvey section of the 
Central Expressway, a 'J^-deg curve 
joined the entrance ramp d i r e c t l y 
to the freeway lanes, with no ac­
celeration lanes provided. 

The study s i t e on the East-
West Freeway i n Fort Worth had two 
lanes i n each direction, two-way 
frontage roads which were not con­
tinuous through the study area, 
three entrance ramps of di f f e r e n t 
designs, one diamond-type i n t e r ­
change and one combination type. 
Figiire 6 shows the general layout 
of the study are^. 

In order to obtain a s u f f i c i e n t 
amount of data on the operating char­

a c t e r i s t i c s of vehicles f o r varying sets of conditions and with various 
types of freeway designs, a t o t a l of nine motion picture studies was made 
(Table l ) . Six of these studies were performed on the G\ilf Freeway I n 
Houston, two on the Central Expressway In Dallas, and one on the East-West 
Freeway i n Fort Worth. Specific discussion on the various conditions and 
characteristics covered i n these studies w i l l be presented i n other sec­
tions of t h i s report. 

In addition to the motion picture studies, a number of surveys were 
conducted i n cooperation with the Bureau of Public Roads using t h e i r elec­
tronic t r a f f i c analyzer. The results of these studies are being present­
ed i n a report on freeway medians. 

OPERATION AND CAPACITY | 
Speed-vol\mie relationships have been used extensively to express op­

erating conditions and capacity, ajid as a measure of the efficiency of 
t r a f f i c f a c i l i t i e s . I t has been d i f f i c u l t t o determine the l i m i t s of ef­
ficiency desired on freeways. However, one fact i s quite evident; cer­
t a i n hourly volumes do not adequately express operating conditions ex­
perienced on freeways except during very low volume conditions. This i s 
i l l u s t r a t e d i n Figure 7- Platoonlng of t r a f f i c , momentary overcrowding 
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Figure 3- Time-motion study projector 
pictures.^ 

used i n analysis of motion 

of one or more lanes, and headway adjustments i n the t r a f f i c stream are 
always present except f o r extremely low volume conditions. 

The 5-niin volume or rate of flow appears to be a f a i r l y r e l i a b l e 
time intervaJ. f o r the expression of freeway t r a f f i c volume. Even t h i s 
short time i n t e r v a l , however, f a i l s t o r e f l e c t the extremely poor oper­
ating conditions experienced during periods when the demand exceeds the 
capacity of the f a c i l i t y . 

The location at which speed and volume measurements are made also 
has a great deal to do with the adequate description of operating condi­
tions. For example, t r a f f i c data taken j u s t beyond an entrance ramp may 
r e f l e c t smooth and unlfonn operation when actually the t r a f f i c behind the 
ramp may be operating under stop-and-go conditions. Because congestion 
at one point may cause congestion f o r a great distance back along the 
freeway, a survey made at a point behind t h i s c r i t i c a l ramp area w i l l re­
f l e c t poor conditions without direct association of the cause of the con­
gestion. 

Study Method 
Data f o r t h i s section on speeds and volumes were obtained from view­

ing motion pictures of actual freeway operation. Vehicle speeds were de­
termined by observing each vehicle and recording a frame count as the rear 
wheel of the vehicle crossed a transverse white l i n e painted on the pave-



Figure k. Gulf Freeway, Houston. 



-J 
Figure 5. Central Expressway, Dallas. 
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ment. A second frame count was re­
corded for the same vehicle as i t s 
rear wheels crossed a second l i n e 
176 f t i n advance of the f i r s t l i n e . 
Because the camera was operated at 
a constant speed, i t was possible 
to determine the time required for 
the vehicle to t r a v e l the I76 f t 
and to compute the speed of the ve­
h i c l e s i n miles per hour. 

Tabulations of volumes were 
made for each 1-mln period and com­
bined to show 5-niin volumes. 

Volme-Speed Relationships 
I n the preliminary report of 

t h i s study (HRB B u l l e t i n I70, I958) 
a number of volime-speed r e l a t i o n ­
ships were discussed for the free­
ways studied. The conclusion was 
drawn that speeds of hO to 50 mph 
could be maintained i n the inside 
(median lane) and middle lanes pro­
vided the ̂ -min lane volume did not 
exceed 15O (l,800 vph), and i n the 
outside (right) lane provided the 
5-min volume did not exceed 123 
(1,500 vph). Typical volume-speed 
relationships are given i n Tables 
2 through 8. (The volumes 
are expressed throughout t h i s re­
port i n terms of equivalent hourly 
rate of flow. TThese values were 
obtained by multiplying the 5-mln 
volume by 12. They are shown i n 
terms of vehicles per hour (vph) 
but are not to be confused with 
t o t a l hourly volume.) 

The volume-speed relationships 
have been plotted In a different 
manner i n Fig-ure 8. For these plots 
successive 5-min volimes have been 
plotted i n r e l a t i o n to the 5-inin 
average speed. Successive points 
have been joined i n sequence to 
trace the average speed reduction 
as volume increases and the increase 
i n average speed af t e r the peak flow 
has passed. Each of these graphs, 
developed from data taken i n the 
v i c i n i t y of an entrance ramp, shows 
a c h a r a c t e r i s t i c loop resulti n g 
from the decrease i n speed at high 
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TABLE 1 

FREEWAY MOTION PICTURE STUDIES 

Study Date Time Type of Study 

Houston I 5-22-56 7:00-8:35 A.M. 
9:30-10:30 A.M. 
l<-:15-5:52 P.M. 

Motion Picture 

Houston I I 9-11-56 7:00-8:35 A.M. 
9:30-10:30 A.M. 
l4-:15-5:50 P.M. 

Motion Picture 

Houston I I I (a) 9-25-56 7:00-8:10 A.M. Motion Picture 
Houston I I I ( t ) 9-26-56 7:00-8:30 A.M. 

1^:15-5:50 P.M. 
Motion Picture 

Houston IV 7-8-58 7:00-8:30 A.M. 
9:30-10:30 A.M. 
4:00-6:00 P.M. 

Motion Picture 

Houston V 7-22-58 7:00-8:15 A.M. Motion Picture 
Dallas I 8-11^-56 7:10-8:l<-5 A.M. 

9:30-10:30 A.M. 
U:00-6:00 P.M. 

Motion Picture 

Dallas I I 11-26-57 U:30-6:05 P.M. Motion Plct^lre 
Fort Worth I I 2-20-58 7:l<-5-8:l;0 A.M. 

l+:15-5:30 P.M. 
Motion Picture 
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Figure 7. Speed-volume relationship before ramp—Houston I I , inside 
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TABLE 2 
VOLUME-SPEED DATA FOR HOUSTON I , GULF FREEWAY 

5-MIN INTERVALS, MORNING PEAK PERIOD 

Inside Outside Total Equlv Hourly Calculated Equlv Hourly-
Time Lane 5-Mln Volumes Lane Vol Rate of Flow 5-Min Volumes Total Vol Rate of Flow 

Speed Speed 3 Lanes (vph) 3 Lanes (vph) Speed Speed 3 Lanes (vph) 3 Lanes (vph) 
A A B C C at A D E F at G 

7:00-7:05 ho 119 120 70 k2 309 3,708 35 18 15 347 4,l64 
7:05-7:10 kh 13h 151 78 ko 363 1̂ ,365 36 31 19 411 4,932 

5,256 7:10-7:15 h3 lk9 151 88 38 388 lt,656 37 25 12 438 
4,932 
5,256 

7:15-7:20 ko 158 170 Ilk — kk2 5,304- 29 31 14 488 5,856 
7:20-7:25 33 163 169 110 30 kk2 5,304 39 17 14 484 5,808 
7:25-7:30 32 17't 150 105 — k29 5,148 

4,716 
27 33 8 481 5,772 

7:45-7:50 138 128 127 — 393 
5,148 
4,716 26 30 23 426 5,112 

7:50-7:55 Ikl ll+O 130 — i n i 4,932 21 26 36 422 5,064 
7:55-8:00 29 Iho 132 127 16 399 4,788 17 23 25 4l4 4,968 
8:00-8:05 31̂  115 137 92 27 3kM. 4,128 

3,384 
31 17 23 369 4,428 

8:05-8:10 hh loh 116 62 39 282 
4,128 
3,384 39 31 18 334 4,008 

8:10-8:15 117 136 66 319 3,828 
3,396 

40 23 20 362 4,344 
8:15-8:20 4U 109 109 65 In 283 

3,828 
3,396 41 27 12 339 4,068 

8:20-8:25 1̂5 116 126 5h 39 296 3,552 41 20 9 348 4,176 
8:25-8:30 1̂ 7 68 ICQ h2 ko 210 2,520 42 20 10 262 3,144 

2,940 8:30-8:35 1̂ 7 76 77 h3 — 196 2,352 40 21 12 245 
3,144 
2,940 

volumes. Examining successive 5-niiii i n t e r v a l s along the trace demonstrates 
that as the peak flow builds up, the 5-mln average speed drops and general­
l y does not recover to the o r i g i n a l relationship with volume u n t i l the peak 
flow or demand has passed. These graphs, however, do not adequately de­
scribe the operating conditions experienced during these periods of heavy-
flow. Momentary overcrowding, adjustments of speed, stoppages and the re­
sulting "backlashes" along the freeway, although c l e a r l y v i s i b l e i n the 
motion pictures, are not adeqioately described by data taken at a point or 
within a short length of the freeway. Stoppage conditions "backlash" or 
progress along a lane so rapidly that average speeds or even individual 
speeds which have been determined by measuring the time required for each 
vehicle to move through a distance of I76 f t , indicate only a low speed 
and do not show the momentary stoppage of some vehicl e s . 

As the rate of flow becomes c r i t i c a l l y heavy, vehicles weaving from 
one lane to another, or vehicles entering from a ramp may cause an adjust­
ment i n headways i n the t r a f f i c stream. For example, i f an entering ve­
h i c l e causes a vehicle on the throiagh lane to momentarily reduce speed to 
adjust i t s headway, some headway adjustment w i l l probably be necessary for 
each t r a i l i n g vehicle i n the t r a f f i c stream xmtil a s u f f i c i e n t l y long head­
way i s available to absorb the shock. The severity of a "backlash eff e c t " 
i s dependent on the compactness or density of the t r a f f i c stream and the 
length of delay created by the headway adjustment. Freeway volume control 
studies, which w i l l be discussed i n a l a t e r section of t h i s report, i n d i -
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TABLE 3 
VOLUME-SPEED DATA FOR HOUSTON I I , GULF FREEWAY 

" MIN IHTERVAIS, MORNIMG PEAK PERIOD 

Inside Outside Total Equlv Hourly Calculated 
Time Lane 5-Mln Volumefc Lane Vol Rate of Flow 5-Mln Volumes Total Vol 

Speed Speed 3 Lanes (vph) 3 Lanes Speed Speed 3 Lanes (vph) 3 Lanes 
A A B C C at A D E F at G 

7:05-7:10 \S 110 139 82 1*1 331 3,972 
4,632 

35 31 9 388 
7:10-7:15 î 5 ii*9 li*9 88 1*1 386 

3,972 
4,632 1*1* 33 11 452 

7:15-7:20 1*3 150 172 96 38 1*18 5,016 1*3 21 19 463 
7:20-7:25 1*2 151* 163 110 39 1*27 5,121* 

5,736 
1*0 27 19 1*75 

7:25-7:30 39 178 17I* 126 38 1*78 
5,121* 
5,736 37 39 19 535 

7:30-7:35 31 170 172 135 24 1*77 5,721* 36 32 20 525 
7:35-7:1^0 31* 162 158 123 33 1*1*3 5,316 36 34 16 497 
7:l|-0-7:lt5 31 151* 151* 119 26 1*27 5,121* 1*3 32 13 489 
7:lt5-7:50 32 152 151* 129 23 1*35 5,220 31 41 19 488 
7:50-7:55 32 155 156 135 27 1*1*6 5,352 1*0 35 19 502 
7:55-8:00 1*5 117 131 83 1*0 331 3,972 32 18 11 370 
8:00-8:05 1*5 100 ll*0 72 1*1 312 3,71*1* 1*8 27 13 37I* 
8:05-8:10 1*3 111 129 80 1*0 320 3,81*0 

3,516 
35 28 16 367 

8:10-8:15 1*5 103 123 67 1*0 293 
3,81*0 
3,516 1*2 40 19 356 

8:15-8:20 1*6 125 121 70 1*1 316 3,792 42 26 11 373 

Rate of Flow 
(vph) 

1*,656 
5,424 
5,556 
5,700 
6,420 
6,300 
5,964 
5,868 
5,856 
6,024 
4,440 
4,488 
4,4o4 
4,272 
4,476 

cate that smooth operating conditions were maintained by eliminating the 
conditions which created these stoppages during heavy flow conditions. 

The point at which volume and speed surveys are made on a freeway I s 
quite c r i t i c a l . Surveys, during peak flow conditions, taken j u s t past an 
entrance ramp w i l l often r e f l e c t operating conditions quite differ e n t from 
a survey taken j u s t ahead of the ramp. Vehicles leaving a congested en­
trance ramp area may be free to proceed with l i t t l e r e s t r i c t i o n ahead of 
them, while at the same time vehicles behind the same entrance ramp are 
operating under a stop-and-go condition of severe congestion. The con­
gestion from one entrance ramp area may cause congestion for a great d i s ­
tance back along the freeway. This same condition often e x i s t s at c r i t ­
i c a l e x i t ramp areas. An I l l u s t r a t i o n of the change i n volume through 
an area i s given i n Tables 2 through 8. 

I t i s d i f f i c u l t from a spot survey to determine the cause of con­
gestion. Congestion observed at one study area may ac t u a l l y be caused 
by conditions existi n g at a point some distance ahead of the study area. 
The motion pictiore survey method provides some p o s s i b i l i t y of continually 
examining conditions ahead of the study area for possible inflitencing 
factors. 

Freeway Volme Control 
I n order to determine the o v e r - a l l e f f e c t of entering t r a f f i c on op­

eration i n the through lanes of the freeway, studies were made both with 
entrance ramps open and with the ramps closed. These studies have been 
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TABLE k 

VOLUME-SPEED DATA FOR HOUSTON I I I , GULF FREEWAY 
5-MIN INTERVALS, MORNING PEAK PERIOD 

Inside Outside Total Equlv Hourly 
Time Lane 5-Min Volumes Lane Vol Rate of Flow 

Speed Speed 3 Lanes (vph) 
A A B C C at A 

(a) Houston I I I A 

7:00-7:05 1*6 105 121 60 1*5 286 3,1*82 
3,768 7:05-7:10 1*6 121 125 68 1*1* 31I* 
3,1*82 
3,768 

7:10-7:15 1*6 11*5 11*1* 85 1*1* 37I* 1*,1*88 
7:15-7:20 1*3 152 163 109 1*0 1*21* 5,088 
7:20-7:25 1*0 166 160 115 39 1*1*1 5,292 
7:25-7:30 1*0 171 175 129 39 1*75 5,700 

3,756 7:30-7:35 36 ll*9 161* - - 313 
5,700 
3,756 

7:35-7:1*0 35 156 li*9 ll*0 36 1*1*5 5,31*0 
7:1*0-7:14-5 31* 151* ll*9 128 33 1*31 5,172 
7:1*5-7:50 37 152 11*6 138 33 1*36 5,232 
7:50-7:55 36 165 157 138 35 1*60 5,520 
7:55-8:00 1*0 ll*0 133 82 1*7 355 1*,260 

3,768 8:00-8:05 1*1* 109 127 78 1*3 311* 
1*,260 
3,768 

8:05-8:10 1*5 102 112 58 1*1 272 3,264 

(b) Houston I I I B 

7:00-7:05 1*6 116 130 83 1*5 329 3,91*8 
7:05-7:10 1*5 128 135 79 1*1* 31*2 l*,10l* 
7:10-7:15 1*1* 156 166 91 1*0 1*13 1*,956 
7:15-7:20 1*3 163 158 106 1*2 1*27 5,121* 
7:20-7:25 1*1* 177 177 118 1*0 1*72 5,661* 
7:25-7:30 1*1 165 167 118 1*1 1*50 5,1*00 

5,316 7:30-7:35 38 162 155 126 37 1*1*3 
5,1*00 
5,316 

7:35-7:1*0 38 151* 153 132 36 1*39 5,268 
7:1*0-7:1*5 1*1 ll*8 165 127 37 1*1*0 5,280 
7:1*5-7:50 1*1 161 150 120 39 1*31 5,172 

4,656 7:50-7:55 38 11*6 139 103 1*0 388 
5,172 
4,656 

termed "volume control" studies because a second objective was to control 
the amount of t r a f f i c using the freeway i n an attempt to keep t h i s volime 
below p r a c t i c a l capacity. I t was found that the volimies during the stud­
i e s exceeded p r a c t i c a l capacity, but a marked improvement of operating 
conditions was noted and a s i g n i f i c a n t amount of t r a v e l time was saved 
as a r e s u l t of freeway volimie control. 

The Influence of t r a f f i c entering the freeway lanes from a ramp can 
be compared to water flowing into a main stream channel from a side chan­
n e l . With no side channel flow, the main channel flow i s uniform, but 
when a side flow i s introduced, tiirbulence i s created causing a backwater 
curve on both the main channel and the side channel. The flow i n the main 
channel only a short distance below the point of entry of the side channel 
again becomes unifom. I f the main channel i s widened and the side flow 
introduced p a r a l l e l to the main channel flow, the turbulence i s v i r t u a l l y 
eliminated. 
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TABLE 5 
VOLUME-SPEED DATA FOR HOUSTON IV, GULF FREEWAY 

5-MIN INTERVALS, MORNING PEAK PERIOD 

Inside Outside Total Equlv Hourly Calculated Equlv Hourly 
Time Lane 5-Mm Volumes Lane Vol Rate of Flow 5-Mln Volumes Total Vol Rate of Flow 

Speed Speed 3 Lanes (vph) 3 Lanes (vph) Speed Speed 3 Lanes (vph) 3 Lanes (vph) 
A A B c C at A D F at 0 

7:00-7:05 k7 l47 164 77 45 388 4,656 39 10 4l7 5,004 
7:05-7:10 h6 133 157 92 41 382 4,584 35 13 4o4 4,848 
7:10-7:15 43 144 171 87 41 402 4,824 53 16 439 5,268 

5,556 7:15-7:20 43 150 167 129 38 446 5,352 
5,328 

38 21 463 
5,268 
5,556 

7:20-7:25 39 159 169 116 36 444 
5,352 
5,328 48 21 471 5,652 

7:25-7:30 39 136 147 131 33 4l4 4,968 39 17 436 5,232 
5,724 7:30-7:35 38 155 182 107 30 444 5,352 

5,364 
47 14 477 

5,232 
5,724 

7:35-7:lt0 35 156 154 137 31 447 
5,352 
5,364 45 25 467 5,6o4 

5,580 7:ltO-7:l4-5 39 151 175 105 33 431 5,172 55 21 465 
5,6o4 
5,580 

7:45-7:50 41 156 152 no 29 4l8 5,016 
4,956 

50 33 435 5,220 
5,304 7:50-7:55 41 146 164 103 36 4l3 

5,016 
4,956 54 25 442 

5,220 
5,304 

7:55-8:00 45 114 132 77 40 323 3,876 67 31 359 4,308 
8:00-8:05 45 114 125 66 41 305 3,660 

3,636 
42 19 328 3,936 

8:05-8:10 46 117 112 74 41 303 
3,660 
3,636 58 15 346 4,152 

3,996 8:10-8:15 46 100 124 53 43 277 3,324 70 14 333 
4,152 
3,996 

8:15-8:20 46 103 129 53 43 285 3,420 49 12 322 3,864 

Many freeways are becoming congested during certain peak periods of 
the day. Often during these periods, more vehicles attempt to u t i l i z e the 
freeways than can be accommodated. When these conditions occur, only a 
few vehicles entering from a ramp can cause turbulence i n the freeway 
lanes which r e s i i l t s i n congestion or stoppage because both through and 
entering t r a f f i c are forced to wait t h e i r turn to pass through t h i s c r i t i ­
c a l area. This accvaaulation or "head" of t r a f f i c creates very undesirable 
operating conditions on the through freeway lanes. The number of vehicles 
thus forced to operate under these undesirable conditions i s many times 
greater than the number of vehicles causing the turbulence by entering 
from the ramp. 

Two studies were made on the Gulf Freeway i n Houston, and one study 
on the Central Expressway i n Dallas, to determine the p r a c t i c a b i l i t y of 
controlling freeway volumes by closing entrance ramps near the freeway 
terminal or disp e r s a l system. On the Gulf Freeway i n Houston, a l l inbound 
entrance ramps located a distance of approximately 1^ ml back of the down­
town d i s p e r s a l system were closed during morning peak periods. On the 
Central Expressway i n Dallas, the ramps were closed for approximately 1^ 
mi back of the downtown terminal. A l l " s h o r t - t r i p t r a f f i c " normally en­
tering the freeway was diverted to the frontage road or other p a r a l l e l 
f a c i l i t y . Motion picture surveys and travel-time evaluations were made 
of conditions with the ramps open and with the ramps closed to determine 
the e f f e c t of t h i s denial of access to the freeways on the operation of 
the f a c i l i t i e s . 



TABLE 6 
VOLUME-SPEED DATA FOR HOUSTON V, GULF FREEWAY 

5-MIN INTERVAIS, MORNING PEAK PERIOD 
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Inside Outside Total Equlv Hourly 
Time Lane 5-Mln Volumes Lane Vol Hate of Flow 

Speed Speed 3 Lanes (vph) Speed Speed 3 Lanes (vph) 
A A B C C at A 

7:10-7:15 42 172 176 124 42 472 5,664 
7:15-7:20 42 160 160 120 41 440 5,280 

5,340 7:20-7:25 41 159 167 119 41 445 
5,280 
5,340 

7:25-7:30 40 154 167 119 41 440 5,280 
7:30-7:35 37 166 167 127 35 460 5,520 
7:35-7:40 37 164 172 119 36 455 5,460 

5,256 7:40-7:45 4l 151 158 129 39 438 
5,460 
5,256 

7:45-7:50 42 151 158 117 4o 426 5,112 
7:50-7:55 43 148 161 122 41 431 5,172 

3,960 7:55-8:00 47 120 134 76 43 330 
5,172 
3,960 

8:00-8:05 47 117 138 79 44 334 4,008 
8:05-8:10 46 106 117 83 45 306 3,672 
8:10-8:15 46 111 133 67 43 311 3,732 

Volme Control S t u d i e s — G u l f Freeway, Houston 
Studies designated Houston I l l a , Houston I l l b , and Houston V, were 

made with the inbound entrance ramps closed from the study area to the 
di s p e r s a l system during the morning peak periods. 

Five-minute volumes by lanes are shown i n Figures 9̂  10, and 11. 
Total peak-hour volumes are given i n Table 9 Including both freeway and 
frontage road t r a f f i c . Values given i n t h i s table indicate that the i n ­
crease i n frontage road volume was approximately the same as the decrease 
i n volume on the through lanes. 

The e f f e c t of volme control on the speed of t r a f f i c using the through 
lanes i s shown i n Figure 12. As mentioned e a x l i e r , 5-niin average speeds 
do not adequately describe the poor operating conditions experienced during 
the Houston I and Houston I I studies. The interference of ramp t r a f f i c 
caused reductions i n speed, momentary stoppages, and stop-and-go operation 
during peak flow periods of both studies. T r a f f i c flow during the studies 
made with the ramps closed was quite smooth and uniform with s l i g h t l y high­
er speeds. 

The speed of t r a f f i c i n one freeway lane has a great influence on 
the speed i n adjacent lanes. This influence of the speed of one lane on 
the speed of another i s termed "speed sympathy." As shown i n Figures 13 
and Ik, the d i f f e r e n t i a l i n 5-mln average speeds was never more than 5.5 
mph between any of the through lanes during either the Houston I I or Hous­
ton I l i a study. The reason for t h i s "speed sympathy" i s quite evident 
from viewing the motion pictures. When a stoppage or speed reduction oc-
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TABLE 7 
VOLUME-SPEED DATA FOR DALLAS I , CENTRAL EXPRESSWAY 

5-MIN INTERVAI£, MORNING PEAK PERIOD 

Tljue 
Inside 
Lane 
Speed 
A 

5-Mln Volumes 
Outside 
Lane 
Speed 
C 

Total 
Vol 

3 Lanes 
at A 

Equlv Hourly 
Rate of Flow 

(vph) 5-Min Volumes 
Calculated 
Total Vol 

3 Lanes 
at G 

Equlv Hourly 
Rate of Flow 

(vph) 

7:10-7 •15 1*5 103 121 65 41 289 3,468 24 313 3,756 
7:15-7 20 47 115 111 74 40 300 3,600 22 322 3,864 
7:20-7 25 1*5 137 l4 l 65 41 343 4,116 38 381 4,572 
7:25-7 30 44 174 163 103 38 440 5,280 

4,968 
33 473 5,676 

7:30-7 35 40 156 146 112 36 4l4 
5,280 
4,968 14 428 5,136 

7:35-7 4o 36 166 170 130 32 466 5,592 38 504 6,o48 
7:4o-7 45 35 161 l47 129 29 437 5,244 23 460 5,520 
7:45-7 50 32 163 150 128 27 441 5,292 37 478 5,736 
7:50-7 55 35 155 156 l4o 23 451 5,412 27 478 5,736 
7:55-8 00 39 145 137 110 36 392 4,704 34 426 5,112 
8:00-8 05 42 133 128 84 39 345 4,l4o 

4,764 
32 377 4,524 

8:05-8 10 44 154 146 97 33 397 
4,l4o 
4,764 35 432 5,184 

8:10-8 15 39 128 139 111 36 378 i*,536 24 402 4,824 
8:15-8 20 41 150 144 90 37 384 4,608 44 428 5,136 
8:20-8 25 42 132 144 94 38 370 4,440 21 391 4,692 
8:25-8 30 43 126 126 89 39 31*1 4,092 24 365 4,380 
8:30-8 35 42 127 122 76 39 325 3,900 25 350 4,200 
8:35-8. 40 44 112 100 56 41 268 3,216 23 291 3,492 
8:40-8: 45 1*5 86 110 43 38 239 2,868 23 262 3,144 

curs i n one freeway lane, t r a i l i n g vehicles i n t h i s lane begin weaving to 
other lanes i n an ef f o r t to maintain t h e i r desired speeds. This quickly 
absorbs the available gaps i n the other streams which r e s u l t s i n headway 
adjustments and a corresponding decrease i n speed. "Speed sympathy" i s 
an Important consideration because a forced reduction i n speed i n the out­
side l a n e d i r e c t l y a f f e c t s t r a f f i c o p e r a t i o n i n the adjacent throT;igh l a n e s . 
Thus by eliminating interference to outside lane t r a f f i c by volume control, 
the average speed of a l l lanes was increased. 

Both sections of freeway studies had 50 mph maximum and \Q mph min-
Imimi speed l i m i t s i n effect during a l l of the studies. The eff e c t of 
these speed l i m i t s i s evidenced by the f a c t that l e s s than 3 percent of 
the vehicles i n a l l lanes traveled at a speed greater than 50 mph and only 
one vehicle traveled at a speed of over 60 mph during any of the studies. 
The 5-min average speed during the offpeak periods was approximately ̂ 5 
mph. 

Speed-volume relationships given i n Tables 2 thro\jgh 8 Indicate that 
even with the ramps closed i n the study area, volumes on the thro\:igh lane 
were s \ i f f i c i e n t l y high to cause a reduced speed of operation of the through 
lanes. These 5-min average values, althoiogh not adequately showing the 
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TABLE 8 
VOLUME-SPEED DATA FOR FORT WORTH I , EAST-WEST FREEWAY 

5-MIN INTERVAIS, MORNING PEAK PERIOD 

Inside Outside Total Equlv Hourly- Calculated Equlv Hourly 
Time Lane 5-Mln Volumes Lane Vol Rate of Flow 5-Mln Volumes Total Vol Rate of Flow 

Speed Speed 2 Lanes (vph) 
5-Mln Volumes 

2 Lanes (vph) Speed Speed 2 Lanes (vph) 2 Lanes (vph) 
A A B B at A C at D 

7:1*5-7:50 50 102 Ik 1*3 176 2,112 
1,91*1* 

1*7 223 2,676 
7:50-7:55 1*8 79 83 1*1 162 

2,112 
1,91*1* 30 192 2,301* 

7:55-8:00 52 53 52 1*1* 105 1,260 1*6 151 1,812 
1,596 8:00-8:05 52 1*9 1*8 1*8 97 l , l6U 

92I* 
36 133 

1,812 
1,596 

8:05-8:10 51 38 39 1*5 77 
l , l6U 

92I* 22 99 1,188 
1,308 8:10-8:15 51 39 31 1*5 70 81*0 39 109 
1,188 
1,308 

8:15-8:20 53 1*0 32 1*7 72 861* 21* 96 1,152 
8:20-8:25 1*9 1*8 31 1*3 79 91*8 39 118 1,1*16 

1,308 8:25-8:30 52 39 1*3 1*6 82 981* 27 109 
1,1*16 
1,308 

8:30-8:35 51 39 31 1*5 70 81*0 23 93 1,116 
8:35-8:1*0 52 37 38 1*5 75 900 27 102 1,221* 

poor conditions with the ramps open, indicate improved speed-volme r e l a ­
tionships when the ramps were closed. 

The following data give a comparison of the worst operating condition 
observed during the before-and-after volume control studies: 

Houston I I - Outside Lane - Before Study 
5-mln average speed - 23 mph 
5-mln volimie - 127 - equivalent hovirly rate of 

flow - 1,521)- vph 
Houston I l i a - Outside Lane - After Study 

5-mln average speed - 33 mph 
5-iiiin volume - 128 - equivalent hourly rate of 

flow - 1,536 vph 
Houston I l l b - Outside Lane - After Study 

5-min average speed - 36 mph 
5-mln volume - I32 - equivalent hourly rate of 

flow - 1,581^ vph 
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TABLE 9 
TOTAL VOLUMES AND LANE VOLUMES ON FREEWAY, INCLUDING 
FRONTAGE ROAD VOLUMES, FOR PEAK HOUR AND PEAK PERIOD 

Study Freeway Lanes Frontage Road Total 

Inside Middle Outside 

PeaJs Hour Volumes—7:10-8:10 A.M. 

Houston I I 1,752 1,723 l,561^ 652 5,691 
Houston I I I (a)a 1,7^1 1,779 1,320 96k 5,82lt 
Houston I I I (b)a 1,770 1,786 1,279 937 5,772 

Feak Period Volumes—7:20 to 7:55 A.M. 

Houston I I 1,125 1,131 l,lkO 238 3,634 
Houston I I I ( a ) ^ 1,100 1,113 908 lj-50 3,571 
Houston I I I (b)a 1,106 1,113 81̂1̂  6lk 3,677 

^amp closed. 

Houston V - Outside Lane - After Study 
5-min average speed - 35 mph 
5-min volume - 127 - equivalent hourly rate of 

flow - l,^2k vph 
From these data i t may be seen that with the ramps closed the aver­

age speed i n the c r i t i c a l outside lane never dropped below 33 mph. With 
the entrance ramps open, the average speed dropped to 23 mph while carry­
ing approximately the same volume of t r a f f i c . Several complete stoppages 
of t r a f f i c regularly occiirred during the peak periods of flow with the 
ramps open, while none were observed during the volume control studies. 

Volume-speed relationships f o r the inside lane are shown i n Figure 
15 f o r the Houston I I and Houston I l l b studies. Smooth curves have been 
drawn to i l l u s t r a t e the characteristic loop of speed reduction with v o l ­
ume increase and recovery t o normal speed a f t e r passage of peak flow. 

Comparison of these two curves shows that the effect of the entrance 
ramp was reflected on the operation i n the inside lane. Comparisons of 
the two curves with the data above indicate that volume control had the 
similar e f f e c t on improving the operation i n the inside lane as w e l l as 
the outside lane. 

Travel Time Studies—Gulf Freeway, Holiston 
Travel time studies were made on the Gulf Freeway before and during 

the volume control studies on both the freeway through lanes and the 
frontage roads. Because these studies were taken at random, both as t o 
time and lane traveled, i t was not p r a c t i c a l t o use less than 15-min per­
iods f o r comparison. 

The studies were compared by computing the time consumed by the t o t a l 
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TABLE 10 
TIME CONSUMED IN VEHICLE MINUTES 

FOR 15-MIN TIME PERIODS 

Time Through Lanes Frontage Road Ramp Total 

Before Studies (Ramps Open) 
7:15-7:30 A.M. 
7:30-7:^5 A.M. 
7:U5-8:00 A.M. 

3,1+00 621+ 
3,030 660 
2,566 720 

107 
1,131 

211 

^,131 
i+,822 
3MQ 

12,1+51 

After Studies (Ramps Closed) 
7:15-7:30 A.M. 
7:30-7:1+5 A.M. 
7:1+5-8:00 A.M. 

2,01+1+ 772 
2,350 953 
2,550 951 

2,816 
3,303 
3.501 
9,620 

inbound t r a f f i c (through lanes and frontage road) from a point i n the 
study area to a point at the beginning of the dispersal system—a distance 
of approximately 1 mi. This time expressed i n vehicle minutes, i s based 
on the average t r a v e l time during a 15-min period (through lanes and front­
age road) and the delay experienced by ramp t r a f f i c during the before 
study. This comparison i s given i n Table 10. 

THROUGH LANES 

I I Romps Open 

Romps Closed 

715 to 7.30 7.30 to 7:45 7 45 to 8.00 

TIME PERIOD 

FRONTAGE ROAD 

7 l5 to7:30 7.30to7:45 7:45toe:00 

TIME PERIOD 

Figure 16. Comparison of average t r a v e l time, volume control study-
Gulf Freeway. 
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Figure 16 shows the average t r a v e l time by 15-niin periods f o r the 
through lanes and frontage road. Travel time throxogh the study area on 
the through lanes was reduced from 2 min 35 sec with the entrance ramps 
open to 1 min 31 sec with the entrance ramps closed during the period 
7:15 to 7:30 A.M. and from 2 min 15 sec to 1 min k'J sec during the per­
iod 7:30 to 7:̂ 5 A.M. There was no difference f o r the period from 'J:k^ 
t o 8:00 A.M. 

Comparison of the hefore and a f t e r studies I n Table 9 shows that v o l ­
ume control resulted i n a saving to the t o t a l inbound t r a f f i c of 2,831 
veh-mln or ^7-2 veh-hr. 

The delay experienced by entering ramp t r a f f i c was added to the time 
consumed by through lane t r a f f i c because t h i s delay was caused by conges­
t i o n on the through lanes. The maximum delay occurred during the 7:30 t o 
7:̂ 5 A.M. period, when 1,131 veh-mln, or nearly 25 percent of the vehicle-
minutes f o r t h i s period, was consumed by vehicles waiting to enter the 
through lanes. 

Inbound Gulf Freeway t r a f f i c Is dispersed i n the central business 
d i s t r i c t by a pair of one-way streets which provides adequate capacity 
to accommodate maximum possible flow on the through laxies and frontage 
road. 

Volxme Control Study—Central Expressway, Dallas 
Studies similar t o those made on the Gulf Freeway i n Houston were 

made on the Central Expressway i n Dallas t o determine the effect of v o l ­
ume control on the operation of that f a c i l i t y . There were two major d i f ­
ferences between the Houston and Dallas studies. F i r s t , the ramps were 
closed only one morning i n Dallas, whereas i n Houston the ramps were closed 
each morning f o r two weeks p r i o r to the study. The second and more sig­
n i f i c a n t difference was the fact that an adequate dispersal system was not 
completed f o r the Central Expressway. The freeway section ended at the 
edge of the central business d i s t r i c t . The f a c i l i t y through the central 
business d i s t r i c t was a surface street with no access control. 

An electronic t r a f f i c survey device designed f o r monitoring freeway 
operations continuously over long periods of time was i n s t a l l e d at the 
Fitzhugh Street overpass on the Central Expressway i n Dallas. The f i e l d 
i n s t a l l a t i o n consisted of two radar vehicle detectors located above the 
center of the Inside and the middle inbovind lanes, and a radar speed meter 
I n s t a l l e d on the r i g h t shoulder of the inbound freeway lanes as shown i n 
Figiire I 7 . 

Impulses from the detectors were transmitted over telephone wires t o 
the o f f i c e of the Department of T r a f f i c Control i n the Dallas City Hall. 
The Instantaneous impulses f o r both lanes were averaged and 67 percent of 
the change i n volume from the previous averaging i n t e r v a l was added or 
subtracted and the resultant plo t t e d on a time graph, as shown i n Figure 
18. Because the instrumentation of the monitor equipment was based on a 
constant rate of flow, and because t r a f f i c flow was intermittent rather 
than constant, I t was determined that there was no exact correlation be­
tween the actual freeway volume and the indicated value. However, i t was 
determined that the indicated values would r e f l e c t the general pattern of 
volume change. 

The radar speed meter was aligned and adjusted t o record the speed 
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Figure IT- Fie l d i n s t a l l a t i o n of freeway monitor. 

of t r a f f i c on a l l three Inbound lanes. During low volume conditions, the 
speed of almost every vehicle was recorded i n d i v i d u a l l y . However, the 
speeds of only the fastest vehicles were detected when vehicles passed i n 
closely spaced groups. The speed data were transmitted over telephone 
lines and were recorded on a time graph. The volume and speed graphs were 
coordinated so that the data f o r any specific time period could be taken 
from the two graphs. Data taken "by t h i s process are referred to as "Mon­
i t o r Data" to distinguish them from data taken by the motion picture sur­
vey method which was used during both the Dallas I study and the Dallas 
I I (volume control) study. 

Table 11 Is a tabulation of the peak period volumes In the inside, 
middle, and outside lanes for the Dallas I and Dallas I I studies and the 
Indicated volumes taken from the monitor graphs. As given i n t h i s table, 
there was no si g n i f i c a n t change i n volume between the Dallas I and Dallas 
I I studies. 

Because motion pictures were not taken continuously during the Dallas 
I I study, speed-volume curves were not drawn for t h i s study. However, 
speed-volume curves were drawn from the data taken from the monitor time 
graphs as shown i n Figure I 9 . 

The results of these studies were quite similar to those of the vol­
ume control studies on the Gulf Freeway. Volume-speed relationships 
through the study area were greatly improved by closing the ramps during 
the heavy Inbound peak flow. However, because the dispersal system In 
existence at the time of these studies was Inadequate t o accommodate the 
Increased load on the frontage road, the advantage gained for t r a f f i c i n 
the study area when the entrance ramps were closed was p a r t i a l l y offset 
by the Increased congestion at the end of the freeway section. Inadequate 
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TABLE 11 
PEAK PERIOD VOLUME OK CENTRAL EXPRESSWAY 

Study Inside Lane Middle Lane Outside Lane Total 

Film Data 7:20 A.M. to 7:^^ A.M. 
Dallas I 
Dallas I I 

783 
786 

75^ 
765 

7li+ 
639 

2,251 
2,190 

Study- Indicated Average Lane Volume 
(Middle and Inside Lanes) 

Monitor Data 7:l8 A.M. to 7:5^ A.M. 
Dallas, Before 
Dallas I I 

690 
705 



99 

capacity at the freeway terminal caused severe congestion of both the 
through lanes and the frontage road at t h i s point. 
Summary 

1. The results of these studies agree with the findings of previous­
l y reported studies 1 and 2 In regard to freeway operation and capacity, 
and that ^-min volumes are more Indicative of freeway t r a f f i c flow condi­
tions than are t o t a l hourly volumes. 

2. The point at which a freeway survey i s made should be carefully 
selected t o avoid misleading interpretations of the results of the survey. 

3. Many major operational d i f f i c u l t i e s on the freeways studied were 
found to be d i r e c t l y associated with the entrance ramps. Additional re­
search i s needed f o r a wide range of conditions to f u l l y evaluate the ef­
fe c t of entrance ramps on freeway operation and capacity. 

k. Volimae control Increased the efficiency of the freeway by: 
(a) Decreasing t r a v e l time on the through lanes. 
(b) Eliminating congestion created by vehicles entering the 

through lanes during peak periods. 
(c) Creating conditions for smoother flow and better operation. 
(d) Decreasing the speed d i f f e r e n t i a l between vehicles. 
(e) Increasing the average speed of a l l vehicles. 

5. These studies indicate that volume control i s necessary only dur­
ing periods of peak flow which are normally less than 1 hr. During the 
other 23 hr of the day, the efficiency of the freeway i s increased by per­
m i t t i n g short t r i p use. 

6. Freeway volume control i s feasible and p r a c t i c a l t o Improve op­
erational efficiency on existing freeways where adequate capacity i s 
available on p a r a l l e l f a c i l i t i e s such as continuous frontage roads or 
major streets. 

LANE USE AKD PLACEMENT 
This section provides general Information on freeway lane use and 

placement. The data were obtained from f i l m studies made on the Houston 
and Dallas freeways which are 6-lane controlled-access f a c i l i t i e s . 

Lane volumes were taken at a point I76 f t i n advance of an entrance 
ramp at each location. A white transverse l i n e painted on the pavement 
was used as a reference point from which t o measure volume and placement. 
The t r a f f i c studied was the inbound flow and the studies were made during 
the morning peak (7:00-8:30 A.M.), morning offpeak (9:00-10:30 A.M.), and 
the afternoon peak {k:00-6:00 P.M.). 

Lane Use 
The volimie data Indicated that the middle lane of the three inbound 

lanes on both the Gulf Freeway i n Houston and Central Expressway i n Dallas 
usually carried the greatest percentagev of the t o t a l inboimd flow, the I n ­
side or median lane the second highest, and the outside lane the smallest 
percentage. 

Figures 20 (Houston) and 21 (Dallas) show t y p i c a l lane usage during 
the offpeak hours. During these periods the inside lane carried approx­
imately 32 percent of the inbound volume, the middle lane approximately 
kk percent and the outside lane approximately 2k percent. 
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During the periods of peak t r a f f i c flow, the inside and middle lanes 
adjusted t o the greater volumes and carried approximately the same volume 
of t r a f f i c . Volumes i n the outside lane were s l i g h t l y lower. Figures 22 
(Houston) and 23 (Dallas) show t y p i c a l lane usage f o r the morning peak 
periods of flow on the two freeways. For several 5-mln intervals during 
the peak period of flow, the inside lane volume was greater than the v o l ­
ume i n the middle lane. 

For the Houston I I I study, during which the entrance ramps i n the 
study area were closed to control freeway volumes, better usage of a l l 
three lanes was realized. Although the inside and middle lanes s t i l l car­
r i e d the largest percentage of the t o t a l Inboimd t r a f f i c , the percentage 
carried by the outside lane was increased as shown i n Figure 2k. 
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Figure 2k. Lane usage—G\ilf Freeway, Houston—volume control studies 
(ramps closed) (A.M. peak—inboiind). 

Vehicle Placement 
Vehicle placement was measiired by viewing each single frame of the 

f i l m projected v e r t i c a l l y t o a table-top screen. The distance from an 
outside curb t o either the l e f t or r i g h t rear wheel of the vehicle was 
measured with a special scale when the vehicle t i r e was d i r e c t l y over the 
trEinsverse l i n e on the pavement I76 f t i n advance of the entrance ramp. 

To develop t y p i c a l values of vehicle placement on the freeways, data 
on t h i s phase of the study were tabiilated f o r each of the three Inbound 
lanes during each of the study periods. The average placements f o r these 
three periods f o r the Dallas study are shown graphically i n Figures 25, 
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26 and 27. These placements are t y p i c a l of the results obtained i n a l l 
of the placement studies. 

S t a t i s t i c a l analysis of placement data with respect to median design 
shows that freeway volumes have a large influence on placement at sections 
near entering ramps. I f the average placements f o r inbound t r a f f i c d-uring 
the morning, mid-day and afternoon periods (Figs. 25, 26, and 27) are com­
pared, a s h i f t i s noted i n vehicle placement toward the median during the 
morning peak flow and away from the median during the afternoon peaJs flow. 
This s h i f t i s also apparent on the Gulf Freeway i n Houston as seen i n Fig­
ure 28 which shows the inside or median lane placement f o r inboimd t r a f f i c 
f o r the morning peak, offpeaic, and afternoon peak periods. These data 
show that vehicle placements are affected by the volume of t r a f f i c flow 
on both sides of the median. During the morning peaic, the average place­
ment i n the inside-inbound lane i s approximately at the center of the 
lane. I n the offpeak period, the average placement s h i f t s to the r i g h t 
of the center of the lane and during the period of heavy flow i n the op­
posing lanes (P.M. peak) inside-inbound lane t r a f f i c s h i f t s further to 
the r i g h t . Placements i n a l l three lanes are affected i n a similar man­
ner; therefore, a s h i f t i n placements i n one lane w i l l be reflected t o 
the other lanes. 

I t i s interesting to note that average vehicle placements i n the 
outside lane are to the l e f t of the center of the lane (Figs. 25, 26, 
and 27). This was found to be true i n studies conducted both i n the v i ­
c i n i t y of entrance ramps and i n areas d i s t a n t l y removed from entrance 
ramps. Indications are that drivers have a tendency to reference t h e i r 
d r i v i n g , or vehicle position, by the l e f t side of the vehicle emphasizing 
the need f o r maintaining adequate lane l i n e s . 

Summary 
The study of lane use and placement data indicated the following: 
1. rniring offpeak periods, the middle lane of three inbound t r a f f i c 

lanes carries the largest percentage of t r a f f i c with the outside lane car­
rying the smallest percentage. For peak periods of flow, the inside or 
median lane and the middle lane carry approximately the same percentage 
of t r a f f i c with the outside lane carrying a smaller percentage. 

2. Vehicle placements were influenced by volimie of flow on both 
sides of the median. Placements were noted to s h i f t during various per­
iods of the day and t h i s s h i f t was reflected i n aJ.1 three lanes. 

3. Observations indicate that drivers have a tendency t o reference 
t h e i r driving to t h e i r l e f t side. 

k. Vehicle placements are of l i t t l e consequence i n freeway opera­
t i o n and 12-ft lanes are adequate i n width. 

WEAVING 
Predicted freeway volumes w i l l demand that future freeways be de­

signed to accommodate tremendous volumes and the number of p a r a l l e l lanes 
w i l l undoubtedly Increase. Five, six, or possibly more lanes i n each d i ­
rection w i l l be required to adequately accommodate the anticipated t r a f ­
f i c volumes. The greater the number of lanes, the more complex w i l l be 
the problem of routing t r a f f i c onto and o f f the freeway and lane changing 
w i l l become an even more important problem than i t i s on existing freeways. 
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The motion picture studies of freeways i n Texas have provided an ex­
cellent opportimity to study lane changing maneuvers on 6-laiie divided 
freeways. Because these f i l m studies were not conducted solely f o r the 
piirpose of studying t h i s single t r a f f i c flow characteristic, the precision 
of some of the measurements was r e s t r i c t e d and the variety of conditions 
l i m i t e d . 

The purposes of t h i s study were to determine as many characteristics 
of a weaving maneuver as possible from motion pictures of freeway t r a f f i c ; 
to determine i f these characteristics could be correlated with freeway 
volumes, speeds, geometric features of the roadway, and entering t r a f f i c ; 
and to determine what additional studies could be made on the data taken 
from the f i l m s . 

Although a large amount of valuable information has been accumulated, 
additional studies under various conditions are necessary before d e f i n i t e 
conclusions can be formulated. Additional comprehensive studies of weav­
ing are desirable i n order to provide the designer with c r i t e r i a r e l a t i v e 
to the location and design of route and destination signs, spacing of en­
trance and e x i t ramps, lane use and capacity, and other design considera­
tions. Data f o r t h i s study were taken from the four f i l m studies l i s t e d 
below. Each f a c i l i t y was a 6-lane divided freeway with the following 
d i s t i n c t i o n s : 

1. Houston I - no barrier fence i n the k-ft paved median; entrance 
ramps open. 

2. Houston I I - a k-ft high barrier fence i n the k-ft paved median; 
entrance ramps open. 

3. Houston I I I - a k-tt high ba r r i e r fence i n the k-tt paved median; 
entrance ramps from Cullen closed. 

k. Dallas - no barri e r fence i n the 12-ft grassed median; entrance 
ramps open. 

The four f i l m studies are of d i f f e r e n t lengths of time diie to varying 
conditions i n f i l m i n g procedure. This i s reflected i n the number of weav­
ing maneuvers recorded f o r each study as tabiilated i n Table 12. 

TABLE 12 
NUMBER OF WEAVING MAIMJVERS FOR EACH STUDY 

Study Length of Study 
i n min 

No. of Weaving 
Maneuvers 

Average No. of 
Weaves per min 

Houston I 237 2.2h 
Houston I I 2lj-5 kl2 1.88 
Houston I I I 235 1.62 
DaJ.las 277 711 2.57 
Total 90k 1,9*̂ 0 2.15 

Only 2 hr of observation are included i n the Houston I I I study be­
cause the entrance ramps i n the study area were closed only during the 
morning peak periods. The other three studies represent the sum of the 
morning-peak, morning-offpeak, and afternoon-peak periods. 
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A l l Houston s t u d i e s were made on the same area a t the Cullen S t r e e t 
Interchange on the Gulf Freeway ( F i g . k). 

The Dallas Study was made on a s i m i l a r area a t the Fi t z h i i g h I n t e r ­
change on the C e n t r a l Expressway ( F i g . 5) . 

Only Inbound t r a f f i c on each freeway was considered. 
A Ij-OO-ft s e c t i o n of the freeway, which i n c l u d e d the entrance ramps, 

was used f o r e v a l u a t i o n o f speeds, gaps and other t r a f f i c f l o w character­
i s t i c s necessary f o r the an a l y s i s of weaving maneuvers. Only weaves t h a t 
began i n t h i s kOO-ft s e c t i o n were recorded f o r a n a l y s i s , but data r e l a t i v e 
t o the weaving maneuver, such as the l e n g t h and paths o f weaves, were, o f 
nece s s i t y , obtained over the e n t i r e study area. 

The weaving maneuvers observed i n t h i s r e p o r t were performed e n t i r e l y 
on the 3 inbound "through" freeway lanes. The v e h i c l e s on the entrance 
ramps and e x i t ramps were not included as weaving v e h i c l e s because t h e i r 
maneuvers are considered more p r e c i s e l y i n another s e c t i o n o f t h i s r e p o r t . 

Method of Study 
A l l i n f o r m a t i o n used i n t h i s study was secured from l6-mm motion p i c ­

t u r e f i M o f t r a f f i c operations on the freeway. A p r o j e c t i o n i s t read the 
i n f o r m a t i o n from the p i c t u r e s and recorded i t on data sheets by prearranged 
codes. The i n f o r m a t i o n was t r a n s f e r r e d t o pimch cards and a l l c a l c i i l a -
t i o n s necessary t o convert the data t o the d e s i r e d u n i t s of measure were 
performed and recorded on the punch cards by the use of an e l e c t r o n i c com­
pute r . The an a l y s i s was then a matter of proper s o r t i n g and t a b u l a t i o n . 

The code, used i n recording the i n f o r m a t i o n , was e s t a b l i s h e d from sev­
e r a l t r i a l observations o f weaving maneuvers i n the motion p i c t u r e s . The 
operator recorded the complete set of data f o r one weaving v e h i c l e a t one 
tim e . This r e q u i r e d the operator t o review only a p o r t i o n of the f i l m t o 
secure a l l the i n f o r m a t i o n , thus reducing the number of re-runs of tne en­
t i r e l e n g t h of f i l m . For each weaving v e h i c l e the f o l l o w i n g i n f o r m a t i o n 
was recorded: 

1. Time of day t o the nearest minute, read from a clock f i l m e d i n 
the f i e l d of view. 

2. Type of v e h i c l e (passenger car, t r u c k , bus). 
3. Lane i n which the v e h i c l e was t r a v e l i n g and the lane i n t o which 

i t weaved. 
k. Location o f the o r i g i n of the weaving maneuver w i t h respect t o 

the t h r e e areas mentioned i n the d e s c r i p t i o n of the study areas. 
5. Speed of the v e h i c l e , determined by the frame count between two 

l i n e s of known spacing and a known camera speed. 
6. Length o f the weaving maneuver, recorded i n number of frames o f 

f i l m and l a t e r converted t o e i t h e r distance i n f e e t or d u r a t i o n i n time 
by the e l e c t r o n i c computer. 

7. Location o f v e h i c l e s on the entrance ramps. 
8. Whether the v e h i c l e l e f t the freeway on the next e x i t ramp or 

continued on the freeway. 
Because the accuracy o f some i n f o r m a t i o n depends on the pe r c e p t i o n 

and Judgment of the p r o j e c t i o n i s t , only two persons were used i n an a t ­
tempt t o e l i m i n a t e v a r y i n g degrees of perception. 
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Discussion o f Findings 
Length of Weaves. Length o f weaves as d e f i n e d f o r t h i s r e p o r t , i s 

the forward distance t r a v e l e d by the weaving v e h i c l e from the time the 
v e h i c l e f i r s t I n d i c a t e s a weaving maneuver u n t i l the v e h i c l e i s e n t i r e l y 
i n the lane i n t o which i t i s weaving. Two f e a t u r e s l i m i t e d the degree 
of accuracy i n determining the l e n g t h of the weaving maneuvers, as f o l ­
lows: 

1. The i d e n t i f i c a t i o n o f the p o i n t o f heginning and the p o i n t o f 
ending o f the weaving maneuver. 

2. The l o c a t i o n and l e n g t h o f the area used f o r speed determination 
w i t h respect t o the l o c a t i o n of the weaves. 

These two f a c t o r s are o f f s e t by the f o l l o w i n g f a c t s : 
1. Only two operators were used t o c o l l e c t the data. 
2. The r a t e s o f a c c e l e r a t i o n f o r the range of speeds observed are 

v e r y low. 
3. Because 85 t o 95 percent of the weaves were completed i n only 

300 f t or l e s s , a l a r g e percentage of each weave occurred i n the speed 
determination area. 

Frequency D i s t r i b u t i o n . The lengths of weaving maneuvers are shown 
as cumulative freq.uency d i s t r i b u t i o n curves f o r the separate studies and 
f o r the t o t a l study i n Figiares 29 through 33. 

The average l e n g t h o f weave f o r a l l observations was 217 f t w i t h 
lengths ranging from 50 t o 9OO f t . The frequency d i s t r i b u t i o n c\arve from 

.TOTAL MO. OF VEHICLES • 832 

V / 
'- / 

/ 
-- / It 1 til 
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AVERAGE L E N G T H - 2 0 0 

100 too SOO 400 aOO too TOO 
LENSTH OF WEAVE IN F E E T 

Figure 29. D i s t r i b u t i o n o f weave Figure 30. D i s t r i b u t i o n of weave 
lengths—Houston I . lengths—Houston I I . 
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.TOTAL NO OF VEHICLES • 235 RAMP CLOSED 

AVERAGE LENGTH - 200 

.TOTAL Ma OF V E H I C L E S • T i l 

100 : 0 0 300 400 900 SOO TOO 
LENGTH OF WEAVE M F E E T 

Figure 31. D i s t r i b u t i o n o f weave 
lengths—Houston I I I . 

the conibined study increases u n i ­
f o r m l y up t o 300 f t i n Figure 33 
and f l a t t e n s out f o r longer l e n g t h s , 
i n d i c a t i n g t h a t 90 percent o f a l l 
weaves are 300 f t or l e s s . Using 
t h i s l e n g t h as a c r i t e r i a f o r com­
pa r i n g the i n d i v i d u a l s t u d i e s , the 
range of "percent l e s s than 300 f t " 
was 85 percent i n Houston I t o 99 
percent i n Houston I I I . 

The average lengths o f weaves 
f o r the f o u r studies are given i n 
Table 13. The low value f o r Hous­
t o n I I I i s probably due t o the f a c t 
t h a t t h i s study c o n s i s t s of two 
morning peak periods o n l y , when the 
volume was hig h . 

Speed-Volume-Length of Weaving 
Maneuvers. Speed-volime r e l a t i o n ­
ships have been determined f o r the 
f o u r s t u d i e s . Using as a reference 
the time o f day recorded as an i n ­
t e g r a l p a r t o f the data f o r each 
weaving maneuver, i t was pos s i b l e 
t o determine the r a t e of f l o w f o r 

j-

l- / 
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j -

l- 1 
!-

f-

AVERAGE LENGTH - 233 FT 

'r 

LENGTH OF WEAVE M F E E T 

Figure 32. D i s t r i b u t i o n of weave 
l e n g t h s — D a l l a s . 

TOTAL NO OF VEHICLES • 1940 

AVERAGE LENGTH -217 FT 

100 SOO 300 400 900 SOO 700 
LENGTH OF WEAVE IN F E E T 

Figure 33. D i s t r i b u t i o n o f weave 
l e n g t h s — a l l s t u d i e s . 
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TABLE 13 

AVERAGE LEMGTH OF WEAVES 

Stui3y Average Length 
i n f t 

Houston I 233 
Houston I I 200 
Houston I I I 200 
Dallas 223 

Average 217 

the t o t a l roadway and by lanes f o r 
each weaving maneuver s t u d i e d . For 
t h i s a n a l y s i s ^-mln volumes were ex­
panded t o e q u i v a l e n t h o u r l y r a t e s of 
f l o w and r e l a t e d t o the average 
l e n g t h of the weaving maneuvers f o r 
t h a t 5-min p e r i o d . 

The graph i n Figure i n d i c a t e s 
the t r e n d f o r the l e n g t h o f weaves 
f o r a l l f o u r studies w i t h respect t o 
t r a f f i c f l o w . The equivalent r a t e s 
of f l o w used f o r t h i s a n a l ysis are 

average lane volumes f o r a l l three lanes. Because the outside lane volumes 
vere lower than the middle and i n s i d e lanes, a d d i t i o n a l analyses were run 
using the average r a t e s of f l o w f o r the i n s i d e and middle lanes and the 
r a t e s of f l o w f o r the outside lane separately. The volumes f o r the aver­
age l e n g t h of weaves changed s l i g h t l y , but the general t r e n d o f the l e n g t h 
decreasing as the r a t e s of f l o w increased remained the same, as given i n 
Table ik. 

The average roadway speeds f o r the various volume l e v e l s are also 
shown on Figure 3^- The speed decreased as the volume l e v e l s increased. 

I n f l u e n c e of En t e r i n g Vehicles. The c l a s s i f i c a t i o n of weaving ma­
neuvers by l o c a t i o n of o r i g i n w i t h respect t o the entrance ramp produced 
s i g n i f i c a n t r e s u l t s . The l e n g t h o f the s e c t i o n of the study area I n f r o n t 

lil 240 

HOUSTON Z 
HOUSTON 
HOUSTON SX 
DALLAS 

L E S S THAN 
•too 

1200-1500 1600-iaOO 

A V E I I A 2 E VOLUME - A L L L A N E S 

Figure 3^' Length of weave as r e l a t e d t o volume and speed 

OVER ISOO 
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TABLE ih 
LENGTHS OF WEAVES AS RELATED TO VOLUME 

Average Volume Level Houston I Houston I I Houston I I I Dallas 

I n s i d e & Middle Lanes Average Length i n f t 
Less than 1,200 271 227 

181 1,200 t o -1,500 255 201 181 232 
1,500 t o 1,800 201 20h 166 207 
Over 1,800 198 177 150 180 

A l l Lanes 
Less than 1,200 270 203 181 231 
1,200 t o 1,500 228 203 175 211 
1,500 t o 1,800 181 187 155 I9I+ 
Over 1,800 169 ll+O 176 

Outside Lane 
Less than 720 
720 t o 960 
960 t o 1,200 
1,200 t o IjkkO 
Over l,kkO 

2eh 
238 
221 
198 
153 

19k 
209 
205 
178 
168 

Average l e n g t h o f weaves i n f t - 217 

192 
176 
172 
159 
Ikk 

232 
20I+ 
210 
159 

TABLE 15 

INFLUENCE OF ENTERING VEHICLES ON WEAVING 

T o t a l No. of Weaves Occurring 
Study No. o f i n Front of Entrance 

Weaves Ramp (^ o f T o t a l Shown 
Below) 

No. of Weaves Occurring 
Behind the Entrance 

Ramp (^ o f T o t a l Shown 
Below) 

D i r e c t i o n o f Weave D i r e c t i o n o f Weave 
Right L e f t T o t a l Right L e f t T o t a l 

Houston I 532 i i n 
(26.5) 

319 
(60.0) 

i+60 
(86.5) 

31 
(5.8) 

hi 
(7.7) 

72 
(13.5) 

Houston I I 1+62 108 
(23.^) 

292 
(63.2) 

i+00 
(86.6) 

2k 
(5.2) 

38 
(8.2) 

62 
(13.M 

Houston I I I 235 126 
(53.6) 

67 
(28.5) 

193 
(82.1) 

20 
(8.5) 

22 
(9.i^) 

k2 
(17.9) 

Dallas 711 

CO CVJ 
CVJ ON 

CVJ 

328 
(1+6.2) 

536 
(75.i^) 

99 
(13.9) 

76 
(10.7) 

175 
(21 .̂6) 

Combined 1,9^0 583 
(30.1) 

1,006 
(51.8) 

1,589 
(81.8) 

17!; 
(9.0) 

177 
(9.1) 

351 
(18.1) 
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o f t he entrance reanp was 225 f t , or approximately 56 percent o f the t o t a l 
l e n g t h o f the study s e c t i o n . There were 1,589 weaves, which represents 
81.8 percent o f the t o t a l observations, t h a t o r i g i n a t e d i n t h i s area. Of 
t h i s percentage, 51-8 percent moved t o the l e f t away from the entrance 
ramp and 30 percent t o the r i g h t . The seune p a t t e r n i s i n d i c a t e d by the 
i n d i v i d u a l studies i n Table 15j t h a t i s , a la r g e percent o f weaves o r i g ­
i n a t e d before the entrance ramp, the m a j o r i t y o f which moved t o the l e f t . 
The one exception was the Houston I I I study, d u r i n g which the entrance 
ramps were closed. The Dallas study has the second l a r g e s t percentage 
of v e h i c l e s weaving t o the r i g h t . This i s explained i n p a r t by the l a r g e 
number o f v e h i c l e s l e a v i n g the freeway a t the next e x i t . 

I n the s e c t i o n of the study area past the nose of the entrance ramp 
the d i s t r i b u t i o n of l a t e r a l movements was almost equal. Again, Dallas 
had a la r g e percentage o f v e h i c l e s moving t o the r i g h t . 

The l o c a t i o n o f v e h i c l e s on the entrance ramp was noted as p a r t o f 
the data f o r the weaving v e h i c l e s . Figure 35 shows the two types of en­
trance ramps i n v o l v e d i n these s t u d i e s . The ramps were d i v i d e d i n t o t h r e e 
areas and the l o c a t i o n o f the l e a d ( o r f i r s t ) v e h i c l e on the ramps was r e -

TABLE 16 

NUMBER OF WEAVES OCCURRING FOR EACH 
ENTERING CONDITION 

i L 

P o s i t i o n of Entering 
Vehicles 

Study 0* 1 2 3 
Houston I 163 68 79 222 
Houston I I 62 37 66 128 
Houston I I I Entrance Ramp Closed 
Dallas _67 _58 238 
T o t a l 5Y3 172 203 588 

No Vehicles on ramp. 

corded i n r e l a t i o n t o these areas 
f o r each weaving maneuver. A nota­
t i o n was also made i f no v e h i c l e s 
were on the ramp. A t a b u l a t i o n by 
study of the number o f weaves oc­
c u r r i n g d u r i n g each entrance condi­
t i o n i s given i n Table 16. 

Figure 35. Conditions o f e n t r y . 

O r i g i n - T e r m i n a t i o n - D i s t r i b u t i o n 
of Weaving Vehicles. A t o t a l of 
1,9^0 weaves was recorded from the 
f o u r s t u d i e s . The t o t a l f o r each 
study has been t a b u l a t e d and d i v i d ­

ed i n t o the lane and area i n which the weaving maneuver began and the lane 
i n which the weave terminated ( F i g . 36). Because the l e n g t h o f the weav­
i n g maneuvers i s not shown, t h i s drawing does not present a t r u e p i c t u r e . 
However, t h i s method o f p r e s e n t a t i o n i s p a r t i c u l a r l y u s e f u l i n r e l a t i n g 
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WEAVE BEGAN AND THE LANE 
IN WHICH THE WEAVE ENDED 

3 2 21 13 13 47 2 0 00 

T O T A L 287 203 72 532 100 00 

NOTE 
ARROWS INDICATE THE AREA 
AND LANE IN WHICH THE 
WEAVE BEGAN AND THE LANE 
IN WHICH THE WEAVE ENDED 

TOTAL 79 114 42 239 100 00 
% OP TOTAL 48 31 36 16 13 53 100 00 

NOTE 
ARROWS INDICATE THE AREA 
AND LANE IN WHICH THE 
WEAVE BEGAN AND THE LANE 
IN WHICH THE WEAVE ENDED 

% OF TOTAL 33 62 48.91 17 87 100 GO 

H O U S T O N n C O M P O S I T E D A L L A S 
TYPE OF WEAVE POINT OF BEOINNINQ 

TOTAL % OF 
TOTAL OESWNATiON 

TYPE OF WEAVE POINT OF BEQMNrNB 
TOTAL %0F 

TOTAL DESIONATION 
TYPE OF WEWE POINT OF BEBINNIMO 

TOTAL % OF 
TOTAL FROM 

LANE 
TO 

LAW AREA 0 AREA 1 AREA t 
TOTAL % OF 

TOTAL OESWNATiON FROM 
LANE 

TO 
LANE AREA 0 AREA 1 AREA 2 

TOTAL %0F 
TOTAL DESIONATION FROM 

LANE 
TO 

LANE AREA 0 AREA 1 AREA 2 
TOTAL % OF 

TOTAL 

t"v-nn 1 2 32 19 12 63 13 64 1 2 155 128 73 356 1835 1 1! 1 1 1 2 72 36 37 145 20 39 

1 1 1 1 1 1 3 0 0 0 0 0 0 • • • • 1 3 5 5 4 14 7 1 1 1 1 1 1 3 2 3 3 8 1 1 

2 1 51 47 24 122 26 41 2 1 238 160 t08 306 26 08 2 1 102 46 46 196 27 5 7 

n '1 1 2 3 33 24 12 69 14 94 2 3 1 6 5 125 97 387 19 9 5 11 I I I 2 3 63 32 59 154 2 1 66 

I T I T T1 3 1 2 1 0 3 64 3 1 13 2 1 16 85 3 1 8 0 1 9 1 30 

3 2 109 82 14 205 *4 37 3 2 344 249 68 661 34 07 2 1 10 60 29 199 27 98 

TOIAL 227 173 62 462 100 00 TOTAL 920 669 351 1940 100 00 TOTAL 357 179 179 711 100 00 

% OF TOTAL 4 9 13 37 45 13 42 100 00 % OF TOTAL 47 43 34 48 18 09 100 00 % OF TOTAL 50 21 25 (8 24 61 100 00 

Figure 36. O r i g i n - t e r m i n a t i o n - d l s t r i b u t l o n of weaving zianeuvers. 
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the e f f e c t o f entrance ramps on freeway t r a f f i c which i s presented i n de­
t a i l i n the f o l l o w i n g s e c t i o n of t h i s r e p o r t on weaving. 

On 6-lane d i v i d e d freeways t h a t introduce the entrance and e x i t ramps 
on the r i g h t side of the through lanes, almost every v e h i c l e i n the middle 
and i n s i d e lanes must perform a t l e a s t one and p o s s i b l y two weaving ma­
neuvers t h a t i n v o l v e the middle lane. 

I n t h i s survey every weaving maneuver i n v o l v e d the middle lane be­
cause only the through lanes were considered. I t i s s i g n i f i c a n t t o note 
t h a t even though the i n s i d e lane was l e a s t i n v o l v e d w i t h weaving maneuvers, 
the o p e r a t i o n a l c h a r a c t e r i s t i c s of t h a t lane, discussed i n another s e c t i o n 
of t h i s r e p o r t , were almost i d e n t i c a l t o those of the middle lane. 

Reasons f o r Weaves. I t was assumed a t the beginning o f t h i s study 
t h a t several basic reasons f o r making a lane change could be determined 
from the motion p i c t u r e f i l m s . These reasons were c l a s s i f i e d as f o l l o w s : 

1. To p o s i t i o n v e h i c l e s i n the appropriate lane t o f a c i l i t a t e l eav­
in g the freeway by an e x i t ramp. 

2. To avoid v e h i c l e s t h a t stopped or slowed on the freeway lanes. 
3. To avoid v e h i c l e s e n t e r i n g the freeway from entrance ramps. 
1+. To pass slow moving v e h i c l e s . 
5. For no apparent reason. 
P r e l i m i n a r y i n v e s t i g a t i o n s i n d i c a t e d t h a t the c l a s s i f i c a t i o n o f weaves 

i n a few of these categoi'ies was not p o s s i b l e from t h i s study. Too o f t e n 
i t r e l i e d on the judgment and specul a t i o n of the recorder. 

The r e s u l t s of t h i s i n v e s t i g a t i o n on reasons f o r weaves are: 
1. A p o s i t i v e c l a s s i f i c a t i o n of purpose of weave was poss i b l e f o r 

v e h i c l e s l e a v i n g the freeway a t the e x i t ramp i n the t e s t area. Table I 7 . 
This was the only e x i t ramp i n view o f the camera. 

2. Complete lane stoppages on the freeways occiirred d u r i n g the peak 
per i o d s , but weaving maneuvers were prevented by the increased d e n s i t y o f 
a l l three lanes. 

3. Entering v e h i c l e s appeared t o have an e f f e c t on the number and 
l a t e r a l d i r e c t i o n of weaves. This subject was discussed i n the preced­
in g sections and the r e s u l t s are presented i n Tables 15 and I 6 . 

1+. The p o s i t i v e c l a s s i f i c a t i o n s o f weaving v e h i c l e s passing slower 
moving v e h i c l e s were not possible from t h i s f i l m study. However, many 
ve h i c l e s t h a t appeared t o perform t h i s maneuver were c l a s s i f i e d i n one 
of the more s p e c i f i c categories l i s t e d above. 

TABLE 17 
WEAVING VEHICLES USING NEXT EXIT 

Study 
T o t a l No. 

of Weaves 
Weaves t o the Right 

Using Next E x i t 
No. No. Percent 

Houston 
Houston 
Houston 
Dallas 

I 
I I 
I I I 

532 
1+62 
235 
711 

172 
132 
II+6 
307 

1+2 
25 
19 

136 

21+.1+ 
18.9 
13.0 
1+1+.3 

T o t a l 1,9*̂ 0 757 222 29.3 
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Frequency o f Weaving Maneuvers. The p r o p o r t i o n of the t o t a l t r a f f i c 
volume t h a t began weaving maneuvers i n the kOO-ft study s e c t i o n ranged 
from 2 t o 10 percent. There were considerable v a r i a t i o n s between d i f f e r ­
ent time periods and st u d i e s . Generally, the percentage increased as the 
t o t a l volume of t r a f f i c decreased as given i n Table l 8 . 

TABLE 18 

FREQUENCY OF VfflAVING MANEUVERS 

Morning Peak Morning Offpeak Afternoon FeaJ: T o t a l A l l 
Study Period Period Period Periods 

T o t a l No. of T o t a l No. of T o t a l No. of T o t a l No. of 
No. Veh. No. Veh. No. Veh. No. Veh. 

Veh. That Veh. That Veh. That Veh. That 
Weaved Weaved Weaved Weaved 

Houston I 5,506 197 3.60 2,052 107 5.21 4,773 228 4.77 12,331 532 4.31 
Houston I I 6.298 167 2.65 2,208 126 5.78 4,393 169 3.84 12,899 462 3.58 
Houston I I I A* 4,851 98 2.02 - - - - - - 4,851 98 2.02 
Houston I I I B» 5.819 137 2.35 - - - - - - 5,819 137 2.35 
D a l l a s 7,070 244 3.47 1,675 l47 9-25 3,4?6 320 9.16 12,241 771 5.81 
T o t a l 29,544 843 2.86 5,935 380 6.54 12,662 717 5.66 4 8 , l 4 l 1,940 4.02 

Houston I I I was taken on tvo separate morning peak p e r i o d s . 

Recommendations f o r Further Study and Research 
Because the study of weaving on freeways i s o f such broad scope, the 

complete a n a l y s i s and c o r r e l a t i o n of the several f a c t o r s a f f e c t i n g weaving 
maneuvers w i l l r e q u i r e several i n d i v i d u a l I n v e s t i g a t i o n s on s p e c i a l sec­
t i o n s i n order t o i s o l a t e the v a r i a b l e s . A ccmbination of three or f o u r 
of the f o l l o w i n g f a c t o r s would c o n s t i t u t e an i n v e s t i g a t i o n : 

1. Location of the beginning of the weaving maneuver w i t h respect 
t o the geometric design f e a t u r e s . 

2. Length o f the weaving maneuver. 
3. Path of the weaving maneuver. 
k. Speed of the weaving v e h i c l e . 
5. Average speed of freeway t r a f f i c . 
6. Various c o n d i t i o n s of e n t e r i n g t r a f f i c . 
7. Purposes of weaving maneuvers. 
8. Comparisons o f roadway sections w i t h d i f f e r e n t geometric design 

f e a t u r e s . 
9. The e f f e c t on the o p e r a t i o n a l c h a r a c t e r i s t i c s o f the t r a f f i c 

stream by the size and frequency of gaps accepted by weaving v e h i c l e s . 

Sumnnsiry 

Many o f the r e s u l t s of t h i s r e p o r t are expressed i n percentage t o 
gain a common basis f o r comparisons of unequal study lengths and nimber 
of observations. 

A summary of the f i n d i n g s of t h i s weaving study i s as f o l l o w s : 
1. A t o t a l on l,9h-0 observations were made from the f o u r f i l m stud­

i e s . This represents k.02 percent of the t o t a l volxme o f t r a f f i c record­
ed during these s t u d i e s . 

2. As the volime on the freeways decreased, the number of weaving 
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maneuvers, expressed as a percentage of t o t a l volimie. Increased. 
3. The average length of weave for tne composite study was 217 f t . 
h. The average length of the weaving maneuvers decreased as the v o l ­

ume on the freeway increased. 
5. The average length of the weaving maneuvers decreased as the av­

erage speed of the freeway t r a f f i c decreased. 
6. A length of 30O f t was used as a basis for comparisons of the sev­

e r a l studies. A study of the frequency d i s t r i b u t i o n curves (Figs. 29 to 
33) shows the following percentages of weaving maneuvers to be 3OO f t or 
l e s s : 

(a) Combined study, 90 percent. 
(b) Houston I , 85 percent. 
(c) Houston I I , $h percent. 
(d) Houston I I I , 90 percent. 
(e) Dallas, 86 percent. 

7. Eighty-two percent of the weaving maneuvers were i n i t i a t e d i n the 
section of the study area i n front of the nose of the entrance ramp. 

8. (a) Sixty-one percent of a l l the observed weaving maneuvers moved 
to the l e f t . Entrance ramps and acceleration lanes were located on the 
right side of the freeway lanes, except during Houston I I I studies when 
the ramps were closed. 

(b) Thirty-nine percent of a l l the observed maneuvers moved to 
the right. Of t h i s group 11.4 percent moved off the freeway at the next 
e x i t . 

9. I n the Houston I I I study during which both entrance ramps were 
closed, only 38 percent of the weaving vehicles moved to the l e f t . 

10. I t i s evident from these studies that the motion picture study 
provides a method for determining c h a r a c t e r i s t i c s of weaving maneuvers 
and t h e i r r e l a t i o n to geometric features of the freeway. These studies, 
coupled with the studies of other operational c h a r a c t e r i s t i c s , indicate 
that vehicles weave from one lane to another at any time when the lane 
into which they are weaving appears to offer either a f a s t e r speed or l e s s 
density. This f a c t tends to keep p a r a l l e l lanes operating near the speed 
of the slowest lane. 

ENTRANCE RAMP OPERATION 
E f f i c i e n t freeway operation i s largely dependent on the f a c i l i t i e s 

provided for vehicle Ingress and egress. I f e f f i c i e n t operation i s to be 
obtained, the f a c i l i t i e s must be designed so that t r a f f i c entering or 
leaving the freeway w i l l have a minimum of influence on through freeway 
t r a f f i c . 

One problem encoiontered i n bringing t r a f f i c on or off a freeway i s 
the speed d i f f e r e n t i a l that e x i s t s between through t r a f f i c and vehicles 
entering or leaving the freeway. Some ramp designs take the t r a f f i c d i ­
r e c t l y on or off the freeway, while other designs provide speed-change 
lanes (acceleration and deceleration lanes) on which the speed differen­
t i a l can be absorbed. 

In order to compare and evaluate the r e l a t i v e merits of these various 
types of entrance ramps, studies were made of four different types: 

(a) a two-lane, direct-entry ramp; 
(b) a one-lane, direct-entry ramp; 
(c) a one-lane ramp with a short acceleration lane; and 
(d) a one-lane ramp with a long acceleration lane. 
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Figure 37. Ramp study section. F t . Worth East-West Freeway—Study I I . 

The two-lane, direct-entry ramp was a part of the University Avenue 
Interchange on the East-West Freeway i n Fort Worth. The ramp was up-grade, 
2l+ f t wide, and joined the freeway with a l+-deg curved t r a n s i t i o n becoming 
tangent with the freeway curb l i n e at a distance of 3^5 f t from the nose. 
The ramp was of s u f f i c i e n t width to accommodate two lanes of t r a f f i c but 
was not marked with lane l i n e s . A view of t h i s ramp i s shown i n Figure 
37. 

The one-lane, direct-entry ramp, located on the Central Expressway 
i n Dallas (Fig. 38) was I 7 f t wide and was connected to the freeway by a 
7|--deg curve. 

The one-lane ramp with a short acceleration lane, was located on the 
Gulf Freeway i n Houston. This ramp, the f i r s t of two adjacent ramps en­
tering the freeway, was 17 f t wide and during an i n i t i a l study (Houston I 

y / / / / / / / / / / / / / / / / / / / / / / / / / / / / A 

FREEWAY LANES 

MEDIAN ^ 

Figure 38. Ramp study section, Dallas Central Expressway (North)-
Study I . 
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and I I ) was connected to the freeway by a full-width acceleration lane, 
12 f t wide and 350 f t i n length as shown i n Figure 39. In another study 
(Houston I V ) , t h i s acceleration lane was modified as shown i n Figure 1+0 
to form an a u x i l i a r y lane approximately 1,000 f t i n length connecting the 
entrance ramp with tae e x i t ramp. 

y///////////////////////////////;^//^^^^^ y/////////////////. 
SERVICE ROAD 

FREEWAY LANES 

Figxire 39. Ramp study section. Gulf Freeway, Houston—Studies I and I I . 

v///////////.y/////////^^^^^^^ V///////////////. 
SERVICE ROAD 

FREEWAY LANES 

MEDIAN 

Figure 1+0. Ramp study section. Gulf Freeway, flouston—Study IV. 

Study Procedure 
In order to study various c h a r a c t e r i s t i c s of entering t r a f f i c , data 

on the following items were tabulated: 
1. Paths of entry ajid the extent of use of the acceleration lane 

for the Houston studies. 
2. Paths of entry and the use of the second lane for the Fort V'orth 

study. 
3. Vehicle gaps accepted and rejected by the ramp t r a f f i c . 
1+. Delays enco\intered by the ramp t r a f f i c . 
The data collected for the ramp study were taken from the following 

f i l m studies: Houston I , Houston I I , Houston IV, Dallas I , and Fort Worth 
I I . 
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Because the design of the entrance ramp on the Central Expressway i n 
Dallas r i g i d l y f i x e d the path followed by vehicles entering the freeway, 
the s l i g h t variations i n vehicle entry paths were considered i n s i g n i f i c a n t . 

To obtain data on paths of entry, a p l a s t i c template was designed to 
indicate the paths shown i n Figures kl through k^. This template was used 
to overlay the screen of the time motion projector during analysis of the 
motion pictures. The entrance path of each entering vehicle was determined 
by observing the position of the right rear wheel i n r e l a t i o n to the con­
t r o l points on the template. 

The paths were grouped according to the following conditions of entry: 
Condition I . Direct entry into the outside lane with no use of the 

acceleration lane ( F i g . hi). 
Condition I I . Semi-direct entry aJ.ong a curved path with f u l l entry 

into the outside lane within 175 f t of the nose ( F i g . k2). 

12' A C C E L E R A T I O N 

^ 2 

RIOHT REAR WHEEL OF V E H I C L E 

C O N D I T I O N X 

PATH 
T A K E N 

NO. OF 
VEHICLES 

% OF 
TOTAL 

VEHICLES 

0 — 1 0 12 0 . 4 6 

1 — 10 5 0 . 19 

1 — I I 58 2 . 22 

1 — 12 63 2 . 41 

2 — 1 1 2 0 . OS 
2 — 12 7 3 2 . 79 

TOTALS 213 8 . 15 

T O T A L NO. OF V E H I C L E S STUDIED 2615 

Figure kl. Houston I and I I paths of entry. 
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• I 6 H T R E A R WHEEL OF V E H I C L E 

C O N D I T I O N 31 

12' A C C E L E R A T I O N 
LANE 

PATH 
T A K E N 

NO. OF 
VEHICLES 

% OF 
TOTAL 

VEHICLES 

1 - 13 32 1.22 
1 — 14 8 0.31 
2 — 13 164 6 .27 
2 — 14 e i 5 8 .22 
2 — IS 171 6 .54 
2 — 16 62 2 .37 
3 — 13 5 0.19 
3 — 14 7 3 2.79 
3 — 15 2 2 1 8 .45 
3 — 16 2 8 8 11.OI 
4 — 14 2 0 . 0 8 
4 - 1 5 8 0.31 
4 — 1 6 6 4 2 . 4 5 

TOTALS 1313 SO. 21 

TOTAL NO. OF VEHICLES STUDIED 2 6 1 5 

Figure k2, Houston I and I I paths of entry. 

Condition I I I . P a r t i a l use of the acceleration lane with f u l l entry 
into the outside lane from 150 to 250 f t from the nose ( F i g . lj-3) . 

Condition IV. F u l l use of the acceleration lane ( F i g . kk). 
Condition V. Combined use of the acceleration lane and outside lane. 

Encroachment s u f f i c i e n t to insure a gap i n the outside lane ( F i g . ^ 5 ) . 

Paths of Entry—Houston I and I I — S h o r t Acceleration Lane 
A t o t a l of 2,615 entering vehicles were observed i n the Houston I and 

I I studies. Entry paths are tabiilated below i n terms of percentage of 
t o t a l entering v e h i c l e s : 
Condition 
or Paths 

I 
I I 
I I I 

Percent of Total 
Entering Vehicles 

B ? i i 
50.03 
2.96 

Condition 
or Paths 

IV 
V 

Percent of Total 
Entering Vehicles 

5^39 
32.86 
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RIOHT REAR WHEEL OF VEHICLE 

C O N D I T I O N 311 

12 A C C E L E R A T I O N 
L A N E 

PATH 
TAK EN 

NO. OF 
VEHICLES 

% OF 
TOTAL 

VEHICLES 

S — 16 0 0 . 0 0 
5 — 16 15 0 . 57 
5 — 17 52 1 . 99 
6 — IS 0 0 . 0 0 
6 — 16 0 0 . 0 0 
6 — 17 8 0 . 31 

7 — 16 0 0 . 0 0 
7 — 17 3 0 . 1 1 

TOTALS 78 2 . 98 

TOTAL NO OF VEHICLES STUDIED 2 6 15 

Figure kS. Houston I and I I paths of entry. 

The tabulation indicates that approximately 58 percent (Condition I 
and 11) made l i t t l e or no use of the acceleration lane. Observation of 
the motion pictures indicated that t h i s p a r t i c u l a r path, or direct-entry, 
resulted i n a s i g n i f i c a n t speed d i f f e r e n t i a l between the freeway t r a f f i c 
and entering t r a f f i c , requiring the through freeway t r a f f i c to adjust 
speed or change lanes. I t was not p r a c t i c a l to obtain the speeds of the 
entering v e h i c l e s . Observations indicated that those entering under Con­
ditions I I I , IV, and V obtained speeds more comparable to that of the 
freeway t r a f f i c before entering the freeway lanes and thus caused l i t t l e 
turbulence i n the freeway t r a f f i c stream. 

The paths of entry were further c l a s s i f i e d according to the rate of 
flow of t r a f f i c i n the outside lane, as shown i n Figure k6. The rates of 
flow were taken at a point beyond the acceleration lane and Included the 
entering vehicles. The rates of flow (5-mln volmes expanded to equiva­
lent hourly rates of flow) were grouped Into three basic l e v e l s : l e s s 
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RIOHT REAR WHEEL OF V E H I C L E 

C O N D I T I O N 3 K 

I2r ACCELERATION 
L A N E 

PATH 
T A K E N 

NO. OF 
VEHICLES 

% OF 
TOTAL 

VEHICLES 

7 — 18 10 0. 38 
7 — 1 9 23 0 . 88 
7 — 2 0 33 1. 26 
8 — 18 2 0 . 08 
8 — 19 12 0. 46 
8 — 2 0 36 1 . 38 
9 — 1 9 1 0 . 04 

9 — 2 0 32 1 . 22 
TOTALS 149 S. 7 0 

TOTAL NO. OF VEHICLES STUDIED 2619 

Figure 1+1+. Houston I and I I paths of e n t r y . 

l e s s than 1,200 vphj 1,200-1,500 vph; and over 1,500 vph. 
This c l a s s i f i c a t i o n i n d i c a t e s t h a t as the r a t e of f l o w increased, 

t h e r e was a small increase i n the percentage o f e n t e r i n g v e h i c l e s f o r 
each o f Conditions I through IV wh i l e t h e r e was a decrease f o r Condition 
V (those v e h i c l e s p r o t e c t i n g a gap i n the outside lane by e a r l y encroach­
ment ) . 

Houston IV—Long A u x i l i a r y Lane 
The Houston IV study was made a f t e r m o d i f i c a t i o n of the a c c e l e r a t i o n 

lane. The second ramp was closed ( F i g . 1+0) and the ramp nose removed t o 
form an a u x i l i a r y lane approximately 1,000 f t i n l e n g t h which served as a 
combination a c c e l e r a t i o n - d e c e l e r a t i o n lane f o r the e n t e r i n g and e x i t i n g 
t r a f f i c . Motion p i c t u r e s made during the morning peak, morning offpeak. 
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RIGHT REAR WHEEL OF VEHICLE 

C O N D I T I O N 3C 

I2f A C C E L E R A T I O N 
L A N E 

P A T H 
T A K E N 

NO. OF 
V E H I C L E S 

% OF 
T O T A L 

V E H I C L E S 

1—15 8 0 . 3 ! 

1 — 16 4 0 IS 
1 — 17 2 0 .08 
1 — 18 1 0 0 4 

1 — 19 0 0 . 0 0 

1 — 2 0 2 0. 08 
2 — 17 2 0 0. 76 

2 — 18 9 0 .34 

2 — 19 3 O . l l 
2 — 2 0 2 0 08 

3 — 17 1 69 6 . 4 6 
3 — 18 59 2 . 2 6 
3 — 1 9 2 0 0 . 7 6 

3 — 2 0 4 0.15 

4 — 1 7 137 5. 24 

4 — 1 8 103 3 94 

4 — 1 9 2 8 1.07 

4 — 20 5 0 19 
5 — 18 101 3 .86 

5 — 19 47 1 . 79 
5 — 2 0 1 1 0. 42 

6 — 18 4 4 1 68 

6 — 1 9 6 0 2 30 

6 — 20 23 0 .88 
TOTALS 862 32. 96 

TOTAL NO OF VEHICLES STUDIED 2615 

Figure ij-5. Houston I and I I paths of entry. 

and afternoon peak periods recorded approximately 3 hr and ko mln of t r a f ­
f i c operation f o r t n l s arrangement. 

The pla s t i c overlay template used with the time-motion projector to 
observe the paths of entry of each vehicle was revised from that used i n 
e a r l i e r studies to simplify the data tabulation by reducing the mmber of 
control points. However, the s i m p l i f i c a t i o n did not a l t e r the c l a s s i f i c a ­
t i o n of the Individual paths i n t o the 5 conditions of entry previously 
outlined. The paths of entry f o r the Houston IV study are shown i n Fig­
ures h'J through 51« I t should be noted, that with the exception of paths 
1-18, 2-l8, and 1+-18 c l a s s i f i e d under Condition V, a l l vehicle paths which 
extended past the o r i g i n a l nose of the second ramp were c l a s s i f i e d under 
Condition IV, f u l l use of the acceleration lane. A l l other conditions 
are considered comparable to those outlined i n the Houston I and I I studies. 
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LEGEND 

UNDER 1200 VPH 

1200 — 1500 VPH 

OVER 1500 VPH 

CONDITION (PATH OF ENTRV) 

Figure k6. Entrance ramp study, Houston I and I I . Percentage of t o t a l 
entering vehicles by path of entry, c l a s s i f i e d according t o volume 

levels. 

A before-and-after comparison of the paths of entry on a short ac­
celeration lane (Houston I and I I ) and on a long a\ixiliary lane (Houston 
IV) i s given i n Table I 9 . The comparison shows some increase i n the use 
of the acceleration lane af t e r modification to the long a u x i l i a r y lane. 

A c l a s s i f i c a t i o n of paths of entry according t o rate of flow f o r 
Houston IV study i s shown i n Figure 52. 

Fort Worth II—Two-Lane Ramp 
A study of vehicle paths of entry was conducted on a ramp of the 

University Avenue Interchange i n Fort Worth shown i n Figure 37' The p r i ­
mary purpose of t h i s study was to observe paths of entry from a ramp of 
s u f f i c i e n t width to accommodate two lanes of t r a f f i c . The p l a s t i c tem­
plate overlay was again used i n conjunction with the time-motion projec­
t o r t o determine the entry paths shown i n Figures 53, ^k, and 55. 

A vehicle was considered i n the outside lane of the ramp when the 
r i g h t rear wheel was within 6 f t of the r i g h t curb at a point opposite 
the nose of the ramp. A vehicle was considered i n the Inside or l e f t 



RIGHT REAR WHEEL OF VEHICLE 

C O N O I T I O N X 

PATH 
TAKEN 

NO OF 
VEHICLES 

% OF 
TOTAL 

VEHICLES 

0 — 10 0 0 . 0 0 
1 — 10 3 0 1 4 
1 — 1 1 108 5 . 25 
2 — 1 1 1 0 OS 

TOTALS 112 5 44 

TOTAL NO. OF VEHICLES STUDIED 20S9 

'4 A 
RIGHT REAR WHEEL OF VEHICLE 

CONDIT ION S 

PATH 
TAKEN 

NO OF 
VEHICLES 

% OF 
TOTAL 

VEHICLES 

1 — 12 63 3 0 6 
2—12 148 7 1 9 
2 — 13 226 10 9 8 
2 —14 53 2 5 7 
3 —12 3 0 1 4 

3 — 13 160 7 77 
3—14 271 13 16 

TOTALS 924 44 87 

TOTAL NO OF VEHICLES STUDIED 2059 

Figure kj. Houston IV paths of entry. Figure k8. Houston IV paths of entry. 
ro 



RIGHT REAR WHEEL OF VEHICLE 

CONDITION 301 

PATH 
TA KEN 

NO. OF 
VEHICLES 

% OF 
TOTAL 

VEHICLES 

4 — 13 
0 0X)0 

4 — 14 27 L3I 
4 — 15 147 7.14 
5 — 14 0 0.00 
5 — 15 6 0.29 

TOTALS ISO 8.74 

TOTAL NO. OF VEHICLES STUDIED 2059 

Figiire k^. Houston IV paths of entry. 

4 . 
RlflHT REAR WHEEL OP VEHICLE 

C O N D I T I O N X E 

PATH 
TAKEN 

NO OF 
VEHICLES 

% OF 
TOTAL 

VEHICLES 

6 — 16 4 7 2 2 8 
5 — 17 S 3 2 . 5 7 

5 — 1 8 62 3 0 2 
e — 1 6 S 0 2 4 

6 — 17 22 1 . 0 7 
6 — 1 8 77 3 7 4 

7 — 17 0 . 0 0 

7 — 18 74 3 5 9 
8 — 18 94 4 5 7 

TOTALS 434 21 0 8 

TOTAL NO OF VEHICLES STUDIED 2 0 6 9 

ô  

FiGui-G 50. Houston IV paths of entry. 
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TABLE 19 
PATHS OF ENTRY—COMPARISON OF THE HOUSTON I AND HOUSTON IV STUDIES 

HOUSTON I AND II—SHORT ACCELERATION LANE 
HOUSTON IV—LONG AUXILIARY LANE 

Condition 
of 

Entry 

Houston I & I I 
Percent of Total 
Entering Vehicles 

Houston IV 
Percent of Total 
Entering Vehicles 

Difference 
of 

Percent 

I 
I I 
I I I 
IV 
V 

8.2 
50.03 

2.96 
5.69 

32.86 

3.hk 

Q.Ik 
21.08 
19.87 

2,615 vehicles 
studied 

2,059 vehicles 
studied 

-2.68 
-5.16 
+5.78 

+15.39 
-12.99 

l e u i 

\ 
RIGHT REAR WHEEL OF VEHICLE 

C O N D I T I O N X 

PATH 
TAKEN 

NO OF 
VEHICLES 

% OF 
TOTAL 

VEHICLES 

1 — 13 11 0 53 
1 — 14 4 0 1 9 
1 —IS 1 0. OS 
1 — 16 0 0. 00 
1 — 17 0 0. 00 
1—18 2 0. 10 
2 — 15 11 0 .53 
2—16 7 0 . 3 4 
2 — 17 2 0. 10 
2 - l« 4 C I S 

3 — 15 129 6 27 
3 — 16 33 1 60 
3 — 17 13 0 .63 
3 — 18 25 1 22 
4—16 80 3 .89 
4 — 17 42 2 04 
4 — 18 45 2 .19 
TOTALS 409 19 87 

TOTAL NO. OF VEHICLES STUDIED 2059 

Figure 51. Houston IV paths of entry. 
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Figure 52. Houston IV paths of entry c l a s s i f i e d according to volume 
levels. 

lane of the ramp when the r i g h t rear wheel was further than 12 f t from 
the r i g h t curb. Those vehicles encroaching on "both lanes used the ramp 
as single lane. 

Ihiring t h i s study, 63.5 percent of the 719 entering vehicles used 
the r i g h t or outside lane of the ramp, 23.5 percent encroached on both 
lanes and 13 percent used the inside lane of the ramp. 

Paths of entry were c l a s s i f i e d according to volume i n the outside 
lane of the freeway as shown i n Figure ^6. During t h i s study, the com­
bined rate of flow of the entrance ramp and the outside lane of the free­
way did not exceed 1,500 vph. Therefore, the three rates of flow selected 
f o r comparison were less than 1,000 vph; 1,000-1,200 vph; and 1,200-1,500 
vph. 

These comparisons indicate that paths 1-10 and 1-11 are s i g n i f i c a n t l y 
influenced by the volume l e v e l . The small samples occurring i n the re­
maining paths do not r e l i a b l y indicate any true trend. The long ciirved 
path of entry, 1-10, decreased as the volume increased, while the more 
direct or abrupt path of entry, 1-11, increased as the volume increased. 



RIGHT REAR WHEEL OF VEHICLE 

C O N D I T I O N Z 
MTH 

T A K E N 
NO. OF 

V E H I C L E S 
%0F 
TOTAL 

V E H I C L E S 

1-10 282 39.22 
l - l l 161 22.39 
1-12 13 1.81 

TOTAL 4 5 6 63.42 

TOTAL NUMBER OF VEHICLES STUDIED 719 

RIGHT REAR WHEEL OF VEHICLE 

C O N D I T I O N I E 

PATH 
TAKEN 

NO OF 
V E H I C L E S 

%0F 
TOTAL 

VEHICLES 

2-10 60 8.35 
2-11 83 11.54 
2-12 26 3.62 

TOTAL 169 23.51 

TOTAL NUMBER OF VEHICLES STUDIED 719 

Flgiure 53. Fort Worth paths of entry. Figure 'yk. Fort Worth paths of entry. 
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RIGHT REAR WHEEL OF VEHICLE 

C O N D I T I O N 
PATH 

TAKEN 
NO OF 

V E H I C L E S 
% OF 
TOTAL 

V E H I C L E S 

3-10 3 0.42 
3-11 17 2 36 
3-12 74 10 29 

TOTAL 94 13 07 

TOTAL NUMBER OF VEHICLES STUDIED 719 

Figure 55. Forth Worth paths of entry. 

Characteristics of Entering T r a f f i c -
Delay to Entering Ramp T r a f f i c . 

-Research i n Progress 
I n order to f a c i l i t a t e fxarther com­

parison of the various ramp types, an analysis i s being made of the delay 
experienced by vehicles entering the freeway as a possible measxare of ramp 
efficiency. Preliminary analyses Indicate that delay i s related to a num­
ber of complex variables and that delay experienced by entering t r a f f i c 
i s possibly more dependent on the relationship of instantaneous rates of 
flow on the freeway and ramp than on the geometric design of the ramp. 

Gaps Accepted and Rejected by Ramp T r a f f i c . The motion picture study 
provided the opportimity to obtain vehicle gap or headway data f o r vehicles 
i n the through lanes of the freeway and to study the acceptance or rejec­
t i o n of these gaps by entering ramp t r a f f i c . Analysis of these data i s 
also a phase of current studies i n an e f f o r t t o f a c i l i t a t e complete anal­
ysis of freeway ramp operation. 

Analyses of data on the above items are not s u f f i c i e n t l y complete 
f o r presentation i n t h i s report. 
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JNDER 1000 VPH 

0 0 0 - 1 2 0 0 VPH 

I Z O O - I S O O VPH 

3—11 l - I O 1 — 12 2-10 2-11 2-12 3-10 
PATHS OF ENTERING VEHICLES 

Figure 56. Fort Worth—percentage of t o t a l entering vehicles by path of 
entry, c l a s s i f i e d according to volume levels. 

Summary 
The studies of entrance ramp operation may be summarized as follows: 
1. Studies of a ramp with a short acceleration lane indicate that 

approximately 58 percent of the ramp t r a f f i c made l i t t l e or no use of the 
acceleration lane. 

2. Modification of the short acceleration lane to provide a long 
a u x i l i a r y lane for entering t r a f f i c resulted i n only a s l i g h t increase i n 
acceleration lane usage, 

3. Studies of two-lane ramp operation indicate minor use of the ramp 
as a two-lane f a c i l i t y . Only 13 percent of the entering ramp t r a f f i c used 
the second or outside lane. 

k. Classifications of paths of entry according t o volume i n the out­
side lane of the freeway indicate an Increase i n the direct or abrupt path 
of entry with a volume Increase. This was true f o r each of the ramp de­
signs studied. 

GENERAL SUMMARY 
A summary of findings Is presented at the end of each of the sections 

of t h i s report. Discussions of many of the interrelationships are includ­
ed throughout the report. 

Correlation of the results of the various studies Indicates that the 
design and operation of ramps and interchanges have the greatest effect 
on freeway operation. 
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The various studies Indicate also that entering t r a f f i c along the 
freeway has an obvious influence on t r a f f i c across a l l p a r a l l e l unsep-
arated lanes. I t i s concluded that high-speed express lanes are needed 
for accommodating longer freeway t r i p s without interference from entering 
t r a f f i c . I t i s considered that the outer roadway involving the r e l a t i v e ­
l y frequent points of access and egress i s necessary to e f f i c i e n t l y i n ­
tegrate the freeway with the e x i s t i n g major street pattern and to assure 
greater u t i l i z a t i o n of the f a c i l i t y during offpeak as w e l l as peak per­
iods. 

The studies show that control of freeway access during congested peak 
periods can be u t i l i z e d to improve the e f f i c i e n c y of the o v e r - a l l f a c i l ­
i t y . The same i s probably true for egress from the freeway to force bet­
t e r d i s t r i b u t i o n of t r a f f i c to the major st r e e t system. 
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r p H E NATIONAL A C A D E M Y OF S C I E N C E S—N A T I O N A L R E S E A R C H COUN-
I C I L is a private, nonprofit organization of scientists, dedicated to the 

furtherance of science and to its use for the general welfare. The 
A C A D E M Y itself was established in 1863 under a congressional charter 
signed by President Lincoln. Empowered to provide for all activities ap­
propriate to academies of science, i t was also required by its charter to 
act as an adviser to the federal government in scientific matters. This 
provision accounts for the close ties that have always existed between the 
A C A D E M Y and the government, although the A C A D E M Y is not a govern­
mental agency. 

The NATIONAL R E S E A R C H COUNCIL was established by the A C A D E M Y 
in 1916, at the request of President Wilson, to enable scientists generally 
to associate their efforts with those of the limited membership of the 
A C A D E M Y in service to the nation, to society, and to science at home and 
abroad. Members of the NATIONAL R E S E A R C H COUNCIL receive their 
appointments f rom the president of the ACADEMY . They include representa­
tives nominated by the major scientific and technical societies, repre­
sentatives of the federal government, and a number of members at large. 
In addition, several thousand scientists and engineers take part in the 
activities of the research council through membership on its various boards 
and committees. 

Receiving funds f rom both public and private sources, by contribution, 
grant, or contract, the ACADEMY and its R E S E A R C H COUNCIL thus work 
to stimulate research and its applications, to survey the broad possibilities 
of science, to promote effective utilization of the scientific and technical 
resources of the country, to serve the government, and to further the 
general interests of science. 

The H I G H W A Y R E S E A R C H BOARD was organized November 11, 1920, 
as an agency of the Division of Engineering and Industrial Research, one 
of the eight functional divisions of the NATIONAL R E S E A R C H COUNCIL. 
The BOARD is a cooperative organization of the highway technologists of 
America operating under the auspices of the A C A D E M Y - C O U N C I L and with 
the support of the several highway departments, the Bureau of Public 
Roads, and many other organizations interested in the development of 
highway transportation. The purposes of the BOARD are to encourage 
research and to provide a national clearinghouse and correlation service 
for research activities and information on highway administration and 
technology. 
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