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A B S T R A C T  

The passenger car qulvalent o f  trucks 1s developed for rn 
entrance rarp location. The truck equlvrlent has been found to vary 

with the lam ( l e f t  or  r lght ) ,  vulme, and percent trucks In  the 

stream. Another varlable -- speed -- nay further affect the frcter, 

and this w i l l  be Included i n  further studles. 

The range In the truck qulvalent was generally fotmd ta be 

from 0.9 to 1.3. 
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TRUCK EQUIVMEHCY 

Various techntques have been used to detemlm the passenger car 

equivalent o f  a truck In a t r a f f i c  stream. All methods tend t o  show a 

m i n i m  passenger car equivalent o f  tm, (2). Thls fac to r  has h n  s h m  

t o  Incnase wlth both the grade and length o f  grade o f  thc roadway. 

A recent study has found the passenger car equlvalcnt t o  be 1.3 

a t  polnts downstream from a t r a f f l c  slgnal.  

Using headway measurements, a technlque s l n i l a r  t o  the l a t t e r  

study, the New Jersey Deparbnent o f  Transportation I n  cooperatfan wi th  

the BPR has conducted the present study. 

The truck equlvalent (Et) I s  deterwined for varlous ranges I n  

volume and percent trucks i n  the stream. 

SITE - 
An entrance ramp merge with a main road I s  often the s l t e  o f  speed 

and density variat ions i n  the f l a w  o f  t r a f f i c .  The prime reason f o r  t h l s  

Is the ingress o f  t r a f f i c  and increase i n  volune. It i s  Important t o  

quantify the e f fec t  o f  truck t r a f f i c  a t  these points. 
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The s i te  studled Is one where the slght distance, for both matn 

road and ramp traffic, I s  excellent for several hundred feet upstream 

from the merging po in t .  

wlde -- I n  one dlrectlon -- dualized, and located 2000 feet downstream 

from a traffic s i g n a l .  

(Figure 1) .  The maln road Is level, four lanes 

The two express lanes have a l l  passenger car traffic, while the 

two local lanes have both passenger car and t r u c k  traffic. 

M€THOWKOGY 

The volute for any time period I s  Inversely proportlanal t o  the 

man headwby between all successtve mhicles i n  that tile period. 

Sanpllng headways over Increaslngly larger Intervals ylelds dccreaslngly 

lawer volumes for the expanded perlod. fhlt occurs kcruse the lnaxlmm 

possible headway I s  the length of the tlm ln$ervrl and as the rarpled 

tlme Intervals Increase, so does the nutlmm headway. HOWCverD the longer 

sampllng tlme Interval will produce a more accurate estimate of the 

actual expandad period value. 

As the volume on a road approaches capacity, the kf-t c waves 

I n  the stream affects a greater nmber of vehlcles. Almost all  of the 

t ra f f ic  may be forced t o  stop a t  one tlme or another. The Influence of 

a truck I n  the t r a f f i c  stream Is experlenced over sane flnite tlm or 

dlstance. As the vehlcles accelerate from the s top ,  the trucks In  the 

stream will take a l i t t l e  longer t o  a t t a i n  the speed of the passenger cars; 

hence, a larger gap will appear In the trafflc between the truck and the 
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FIG. I 
P L A N  

TRUCK EQUIVALENT 

ROUTE 1-9 

SCALE: Iff =50' 
ELIZABETH, NEW JERSEY 
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preceding passenger car. As the truck continues downstream, the larger 

gap w i l l  p e n i t  the truck ‘to increase i t s  speed above tha t  o f  the 

precedlng passenger car and i t  w i l l  eventually YcloseH t o  a normal 

following distance. This process can contlnut a t  the near capacity level  

for several miles, but i n  many cases, other vehicles w i l l  enter the 

larger gap. If other vehicles d id  not enter the larger gaps, It can be 

argued that  the gap created i n  t h i s  case may serve t o  s t o p  the wave i n  

the stream, thereby reducing the density and increasing the t o t a l  volune 

of the lane. Experiments a t  the Holland Tunnel i n  New York v e r i f y  an 

increase i n  volume by contro l l ing the vehicle input t o  the tunnel per 

minute. 

A methodology and analysis o f  study, which considers the afore- 

mentioned principles, i s  used i n  t h i s  report. Traf f ic  i s  sampled on a 

time in terva l  basis. The method u t i l i z e s  the headways of vehlcles and 

i s  explained as follows: 

Time Interval  - mean headways are determined f o r  each o f  

four time in terva ls  (15, 30, 45 and 60 seconds) and are 

c lass i f ied by the number o f  vehicles and the percent trucks 

I n  the stream during each interval .  

A p l o t  o f  mean headway versus the number o f  vehicles per 

t ime in terva l  y ie lds a s t ra ight  l i n e  on log-log paper. 

i s  t o  be expected t ha t  the least  squares l i n e  f o r  0% trucks 

w i l l  f a l l  below any other l ine.  Then f o r  a speci f ic  number 

It 
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o f  vehicles, the mean headway would be expected t o  increase 

for an increase i n  the number o f  trucks. 

From the basic equation: 

Q = Cn + ET nT, 

ET (Q - Cn)/Tn, 

Where : 

Q - equivalent cars (tlme/hc), 

n = number o f  vehicles I n  a sample (time/hx), 

ET - p.c. equivalent o f  a truck (truck qu iva len t ) ,  

hc = mean headway for a s q l c  o f  a l l  P.c., 

hx = mean headway for a sample wi th  "xu percent trucks, 

C = proportlon o f  P.c., and 

T = proportion o f  trucks 

Cn = number o f  cars 

Tn = number o f  trucks. 

Substi tut ing : 

ET a [ ( t lW/hc)  - C ( t l ~ ~ / h x ) ] / T ( t l ~ / h ~ )  

ET a (hx/hC - C)/T. (1 1 

The mean headway f o r  any speci f ic  number o f  vehicles 

f o r  each percent o f  trucks can be substi tuted i n  equation 

(1). The resul t ing p l o t  i s  E ~ v e r s u s  volume f o r  a l l  

.ranges i n  truck percentage f o r  which data i s  available. 

The volume i s  determined from 3600n/time-interval. 
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ANALY S I S 

Tables 1 

each regression 

and 2 give an indication of the relative slopes (8) of 

line. The flatter slopes yield an increasing value of 

the truck equivalent w i t h  an increase i n  the nrraber of  vehicles per 

time interval (volume). The resulting truck equlvalent for each of the 

time intervals i s  plotted agains t  volume i n  Flgures 2 thru 5. 

Speed d a t a  was not determined for the tlm intervals and i t  is 

the lack of this variable which may account for  the crossing o f  the 

regression lines. Headways decrease t o  a ainlman value as speed increases 

and then Increase for speeds In excess of approxlraately 40 r.p.h., i n  

conformance with the volume-speed curve. Speed data was grouped In the 

present study and mean headways for all ranges o f  speed were plotted f o r  

a specific number o f  vehicles per the interval and percent trucks. A 

slight variation i n  the speed o f  vehicles In separate observations could 

cause enough variat ion In the resulting mean headway t o  affect the 

regression line. To mduce this poss1ble.effect of varying speeds on the 

resulting headways those conditions, which had a r a t io  of mean headway 

t o  standard deviation of less t h a n  2.0, were rejected. 

are a p lo t  of the mean headways and standard deviations for  the four 

time intervals for  left  and right lanes. The rejected data  varies both 

w i t h  the sampled time interval and lane, and is generally i n  the low 

volume range. 

Figures 6 and 7 

. 
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TABLE 1 

Regression Equation Terms o f  Y = AXB 
for Headway ( Y )  vs.  Number o f  Vehicles ( X )  

LEFT LANE 

T i  me 9: Observa- Range 
8 - A - o f  x - Interval Trucks tion+ 

15" 0 896 3-10 8.30 - 0.77 

30 514 3- 8 8.67 - 0.74 

100 60 3- 6 6.69 - 0.62 

30" 0 493 4-1 5 16.71 - 0.81 

30 338 4-15 18.72 - 0.85 

50 121 4-1 1 12.09 - 0.62 

80 73 4-1 2 13.34 - 0.70 

45 I1 0 420 4-1 5 27.26 - 0.87 

30 301 4-1 9 23.65 - 0.81 

50 128 4-1 7 21.76 - 0.75 

70 38 6-1 5 38.21 - 1.00 

60" 0 2ao 5-16 30.36 . - 0.80 

30 303 4-20 40.61 - 0.92 

50 125 4-1 5 33.72 - 0.85 

70 27 6-12 57.81 - 1.17 

r 

- 0.963 

- 0,984 

- 0.911 

- 0.944 

- 0.937 

- 0.950 

- 0.987 

- 0.936 

- 0.920 

- 0.932 

- 0.965 

- 0.884 

- 0.879 

- 0.907 

- 0.960 

*Refers t o  the number of time observatlons, not vehicles. 



TABLE 2 

Regression Equation Terms o f  Y = AXB 
For Headway ( Y )  vs. Number o f  Vehicles ( X )  

RIGHT LANE 

Time 'y 
Interval  Trucks 

15" 0 

30 

100 

30 'I 0 

30 

50 

70 

80 

100 

45" 0 

30 

50 

70 

100 

60 I' 0 

30 

50 

70 

100 

Observa- 
t ions* 

433 

616 

504 

26 2 

438 

31 2 

355 

405 

292 

106 

290 

287 

282 

132 

29 

195 

244 

203 

58 

Range 
o f  x 
3- 8 8.54 

A - - 

3- 8 10.34 

3- 6 11.68 

3-1 2 18.73 

3-1 5 21.42 

4-13 21 .% 

3-12 21.61 

4-1 3 20.55 

3- 9 22.56 

3-12 . 36.38 

3-1 5 29.82 

4-16 29.96 

3-15 34.34 

3-1 2 30.33 

5-1 2 51.02 

3-18 43.95 

4-19 49.71 

3-21 51.49 

3-1 1 38.81 

B 

- 0.73 

- 0.83 

- 0.90 

- 0.84 

- 0.89 

- 0.90 

- 0.89 

- 0.85 

- 0.90 

- 0.95 

- 0.86 

- 0.87 

- 0.92 

- 0.85 

- 0.96 

- 0.91 

- 0.95 

- 0.97 

- 0.85 

r - 
- 0.959 

- 0.975 

- 0.987 

- 0.944 

- 0.905 

- 0.961 

c 0.930 

- 0.973 

- 0.956 

- 0.905 

- 0.926 

- 0.930 

- 0.873 

- 0.920 

- 0.919 

- 0.901 

- 0.890 

- 0.805 

- 0.934 

*Refers t o  the number o f  t ime observations, not vehlcles. 
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CO)(CLUS IONS 

L e f t  Lane 

1. The passenger car equivalent o f  trucks i s  apparently decreased by 

an Increase i n  the percent of trucks i n  the stream. 

2. Volume appears t o  have no e f f e c t  on the q u i v a l c n t  factor, as the 

factor  i s  approximately 1.10 throughout the range I n  volumes, even though 

there i s  a large var lat ion thmughout tk' range. 

Right Lane 

1. There i s  a large var ia t ion i n  the factor a t  the lower voltme ranges, 

but as volume increases, the factor  levels o f f  a t  approximately 1.05. 

2. There 1s apparently no var iat ion i n  the factor  wi th  an increase i n  

the percent trucks I n  the stream. 

Overall, the presence of trucks i n  the l e f t  lane has a decreasing I 

e f fec t  on the service vo1uute above thrt o f  the r i g h t  lane. 

I 
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ADDENDA 

1 .  "Ramp" refers t o  Humboldt S t r e e t ,  a one-way, one-lane 

road feeding i n t o  the local roadway. 

i n  elevation, as the name ramp implies.) 

(There i s  no change 

2. The local roadway has an AADT of approximately 

3. Data was collected a t  the following times: 

6,000. 

Friday, May 26, 1967 from 8:30 a.m. t o  7:OO p.m. 

Wednesday, May 31, 1967 from 7:15 a.m. t o  7:OO p.m. 

Thursday, June 1 ,  1967 from 7:15 a.m. t o  7:15 p.m. 

4.  Data for  both l e f t  and r i g h t  lanes was taken a t  the same time, 

using a twenty-pen recorder and roadway tubes. 

Vehicle type was indicated manually w i t h  a keyboard connected t o  the 

recorder. 
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