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1 DIGLST OF 
TRUCK EQUIVALENCY 

Any d r i v e r  i s  aware o f  t h e  d i f f e r e n c e  t h e  presence of t rucks  

makes on a highway: 

comfort and s e c u r i t y  of  t r a v e l .  

d i f f e r e n c e  i n  simple f i g u r e s ?  

they  t ake  much space and in f luence  t h e  speed, 

But could any d r i v e r  express  t h a t  

To t h e  highway enpincers  such f i g u r e s  cond i t ion  t h c  d u r a b i l i t y  

of  t h e  pavement and t h e  capac i ty  of  t h e  road. 

I t  i s  easy  t o  see t h a t ,  i n  t h e  flow o f  t r a f f i c ,  one t r u c k  

occupies more space than a s i n g l e  passenger c a r ,  t h a t  t h e r c f o r e  

t r u c k s  reduce t h e  capac i ty  of a highway, expressed i n  t o t a l  numbers 

of v e h i c l e s .  From t h i s  f a c t ,  t h e  t r a f f i c  t e c h n i c i a n s  deduced t h e  

of  a t ruck  under given 

cond i t ions .  

In  p r a c t i c e ,  it is  derived from measurements o f  t h e  time- 

i n t e r v a l  (not d i s t a n c e - i n t e r v a l )  between v e h i c l e s  and t h e i r  speed. 

I t  w i l l  f l u c t u a t e  appreciably as the  r e l a t i v e  number of t r u c k s  

changes i n  t h e  t r a f f i c  flow, a t  a given po in t  on a highway: it w i l l ,  

of course,  a l s o  vary w i t h  t h e  changes i n  t h e  phys ica l  s t r u c t u r e  of  

t h e  road. 

From a l a r e e  number of measurements made under Erea t ly  va r i ed  

cond i t ions ,  t h i s  study has determined t h a t  i n  t h e  midst of  t r a f f i c  

t h e  average t r u c k  can peneral ly  be counted as "cquivalent" t o  l e s s  

than 2 passenger  c a r s .  
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TRUCK EQUIVALENCY 

ABSTRACT 

The effect  of  t r u c k s  on a highway i s  t o  reduce t h e  capac i ty  i n  terms 
of t o t a l  v e h i c l e s  c a r r i e d  p e r  hour. 
on t r a f f i c  is r e l a t e d  t o  t h e  design.  
f o u r  s t u d i e s .  

The e x t e n t  o f  i n f l u e n c e  t r u c k s  have 
Hence, t h i s  r e p o r t  is made up of 

Study #1 (Downstream From a Traffic S igna l )  -- 
As t h e  number o f  t r u c k s  i n  a stream i n c r e a s e s ,  t h e  average headway of 

t h e  stream i n c r e a s e s .  
is  equal  t o  appears  t o  be fa r  less t i l a  two. 

However, t h e  number o f  passenger  c a r s  t h a t  a t r u c k  

Study # 2  (Downstream From an Entrance Roadway) 

Disregarding d i f f e r e n c e s  i n  speed, and on a volume b a s i s  only,  t h e  
range i n  t h e  t r u c k  ‘equivalent was gene ra l ly  found t o  be from 0 .9  t o  1 .3  
downstream from an en t r ance  roadway l o c a t i o n .  

Study #3 (Level, Tangent Roadway) 

On a t angen t  roadway, f o r  equal speeds,  t h e  passenger  car equivalent  
of t r u c k s  was found t o  approach a value o f  two as t h e  pe rcen t  of  t rucks  i n  
t h e  stream approached l W 6 .  

Study #4 (Grade) 

Car and t ruck  speeds on t h e  l e v e l  s e c t i o n  o f  roadway were not 
s i g n i f i c a n t l y  d i f f e r e n t  as t h e  percent  o f  t r u c k s  i n  t h e  stream increased.  
However, t h e  mean speeds of  passenger cars were s i g n i f i c a n t l y  reduced f o r  
t n e  middle and top  of  grade l o c a t i o n s  as t h e  pe rcen t  of t rucks  increased.  

No determinat ion o f  t ruck  equivalency was made from these  d a t a ,  
though, because very low rates o f  flow were recorded a t  t h e  s i t e  o f  t h e  
s tudy .  

! 
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INTRODUCTION 

The capaci ty  of a highway i s  influenced by the composition, habi t s  

and des i r e s  o f  the  t r a f f i c  which uses i t ,  and by the  controls  which must 

.be exercised over t h a t  t r a f f i c .  Factors which take these considerations 

i n t o  account a re  termed t r a f f i c  f ac to r s .  

buses, va r i a t ions  i n  t r a f f i c  flow, lane d i s t r i b u t i o n ,  e t c .  

Among these  f ac to r s  a r e  t rucks,  

The Highway Capacity Manual s t a t e s  t h a t  t rucks reduce the capacity 

of a highway i n  terms of t o t a l  vehicles  car r ied  per  hour. In e f f e c t ,  each 

t ruck displaces  a number of P-cars i n  the  flow. The number of P-cars t h a t  

each truck represents  under spec i f i c  conditions i s  termed thc  "passenger 

ca r  equivalent of a truck" f o r  those conditions.  In leve l  t e r r a i n ,  where 

trucks can maintain speeds t h a t  equal or approach t h e  speed of P-cars, t h e  

HCM s t a t e s  t h a t  t he  average truck i s  equivalent ,  i n  a capacity sense,  t o  

two P-cars on multi- lane highways, and t o  between two and th ree  P-cars on 

two-lane highways, depending on the  l eve l  of se rv ice .  

passenger-car equivalent of a truck may vary widely, depending on steepness,  

On upgrades, t h e  

length of grade and number of lanes .  

For mult i - lane highways, truck adjustment procedures a re  not well 

defined. Research i n  t h i s  grea has been qui te  l imited,  and t h a t  which has 



been done has  been r e s t r i c t e d  p r i n c i p a l l y  t o  ope ra t ion  a t  o r  n e a r  level 

o f  s e r v i c e  B .  

The N e w  J e r s e y  Department of Transpor t a t ion ,  i n  cooperat ion with t h e  

Bureau o f  Pub l i c  Roads, has conducted t h i s  s tudy t o  determine t ruck  equiv- 

a lency f o r  va r ious  ranges i n  volume and pe rcen t  t r u c k s  i n  the stream. 

This r e p o r t  combines t h e  r e s u l t s  of  f o u r  s e p a r a t e  s t u d i e s .  The  

f i r s t  s tudy i n v e s t i g a t e d  the r e l a t i o n s h i p  o f  headways between v e h i c l e s  

downstream from a s i g n a l .  The second s tudy  i n v e s t i g a t e d  t r u c k  equiv- 

a lency for an en t r ance  roadway loca t ion .  The t h i r d  s tudy i n v e s t i g a t e d  

t ruck  equivalency on a l e v e l ,  tangent  roadway. The f o u r t h  s tudy i n v e s t i -  

gated t h e  t ruck  equ iva len t  on a 6% grade. 

STUDY SITES - 
U.S. Route 1-9 was used as t h e  s i t e  f o r  t h e  first t h r e e  s t u d i e s  ( sec  

Fig. 1). 

Study #1. There i s  a bituminous four- lane northbound approach t o  t h e  

i n t e r s e c t i o n  on Route 1. Turning movements a r e  provided f o r  by means of 

a jughandle l o c a t e d  150-f t  sou th  o f  t h e  i n t e r s e c t i o n  011 Route 1-9. Signing 

on t h i s  approach d i r e c t s  a l l  t rucks  t o  t h e  r i g h t ,  well i n  advance of tile 

i n t e r s e c t i o n .  

The l o c a l  t r a f f i c  lanes  are sepa ra t ed  from t h e  express  lanes  by a 

4 - f t  wide, 6 - i n .  h i g h  concrete  median. 

from opposing t r a f f i c  by a 1 6 - f t  wide g ras s  median w i t h  a 6 - in .  h i g h  concrete  

The express  l anes  a r c  sepa ra t ed  



DEF I N 1  T I  ONS .-_I__ 

Headway - 

Variable  Lane - 
He adway 

P-car - 
Tmck .- 

PP - 

PT - 

TP .- 

TT - 

Dual-Dual - 
Highway 

Express - 
Roadway 

Local - 
Roadway 

Local Lane 1 - 

Local Lane 2 - 

Equivalent  Pas- - 
senger  Car Volume 

Mixed Volume - 

Blip  - 

The time i n t e r v a l  ( i n  seconds) between t h e  f r o n t  
of  a v e h i c l e  pas s ing  a p o i n t  and t h e  f r o n t  of  t h e  
nex t  v e h i c l e  passinq t h e  same p o i n t  i n  t h e  same l ane .  

The d i f f e r e n c e  i n  time (seconds) between consecut ive 
v e h i c l e s  ( r e g a r d l e s s  o f  lane) c r o s s i n g  a r e fe rence  
l i n e .  This  term a p p l i e s  t o  v e h i c l e s  i n  ad jacen t  
l a n e s ,  as well as v e h i c l e s  i n  t h e  same lane.(Vehicles  
a r e  measured head t o  head. I f  two veh ic l e s  are 
c r o s s i n g  t h e  r e fe rence  l i n e  a t  the same time, t h e  
v a r i a b l e  lane headway i s  zero.)  

A passenger  car with no more than f o u r  t i r e s .  

A v e h i c l e  with more than  f o u r  t i r e s .  

Passenger car followed by a passenger  c a r .  

Passenger c a r  followed by a t r u c k .  --- 
Truck followed by a passenger  car. - 
Truck followed by a t r u c k .  

A highway with fou r  s epa ra t ed  roadways: an express  
roadway and a l o c a l  roadway f o r  both d i r e c t i o n s .  

A two-lane roadway with passenger  car t r a f f i c  
only.  

A two-lane roadway with both passenger  c a r  and 
t r u c k  t r a f f i c .  

Right -hand lane of local roadway. 

Left-hand l ane  of l o c a l  roadway. 

An expanded volume (vph) from t h c  expres s  roadway 
which inc ludes  cars only.  

An expanded volume (vph) from t h e  l o c a l  roadway 
which inc ludes  both cars and t r u c k s .  

An i n d i c a t i o n  of a v e h i c l e  on t h e  twenty-pen 
r eco rde r  c h a r t .  (For example, a passenger  car 
would be i n d i c a t e d  as fol lows:  ,, . The 
h o r i z o n t a l  l i n e  r e p r e s e n t s  t h e  pen, and each small 
v e r t i c a l  l i n e  i n d i c a t e s  a s e t  of wllecls c ros s ing  a 
pneumatic tube .) 

iii 
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NOTE: NOT TO SCALE 

DATA C O L L  ECTlON SITES 
RT. 169 N.B.,NEAR NORTH AVENUE 

ELIZABETH, UNION COUNTY 
NEW JERSEY 

SITES I, 2, 8 3 



curb. 

posted speed l i m i t  on Route 1 is  40 mph s o u t h  o f  t h e  i n t e r s e c t i o n  and 

50 mph n o r t h  o f  t h e  i n t e r s e c t i o n .  

There i s  a semi-actuated t r a f f i c  s i g n a l  a t  t h e  i n t e r s e c t i o n .  The 

The headway d a t a  were c o l l e c t e d  i n  J u l y  1965 a t  f o u r  p o i n t s :  100-f t  

(Point  A), 270-ft  (Point  U), 435-ft  (Po in t  C) and 1000-ft (Point  U) north 

o f  t h e  North Avenue s i g n a l i z e d  i n t e r s e c t i o n  (see Fig.  2 ) .  

Study #2 .  An en t r ance  roadway nerge with a main road i s  o f t e n  t h e  s i t e  of 

speed and d e n s i t y  v a r i a t i o n s  i n  t h e  flow, caused by t h e  ing res s  o f  t ra f f ic .  

I t  i s  important t o  q u a n t i f y  t h e  e f f e c t  o f  t ruck  t r a f f i c  a t  t h e s e  p o i n t s .  

This  l o c a t i o n  is  one where t h e  s i g h t  d i s t a n c e ,  f o r  both main road 

and en t r ance  roadway t ra f f ic ,  is excellent for s e v e r a l  hundred feet  

upstream from t h e  merging p o i n t .  The main road i s  l e v e l ,  f o u r  l anes  

wide -- i n  one d i r e c t i o n  - -  dua l i zed ,  and l o c a t e d  2000-ft downstream 

from a t r a f f i c  s i g n a l .  

The l o c a l  roadway i s  tangent ,  with a 1 0 - f t  shou lde r  on t h e  r i g h t  and 

an 18-in.  t ape red  conc re t e  s e p a r a t o r  t o  the left.  The express  roadway 

has a 1' curve t o  t h e  l e f t ,  a 9 - f t  shou lde r  on t h e  r i g h t  and a s lop ing  

curb and a wide grass median on t h e  l e f t .  Both roadways have 1 2 - f t  wide 

p o r t l a n d  cement conc re t e  lanes and bituminous conc re t e  shou lde r s .  

Data were c o l l e c t e d  i n  May 1967. 

Study U3. 

were c o l l e c t e d  i n  June 1968. t xp res s  roadway d a t a  were c o l l e c t e d  2000-ft 

no r th  of  North Avenue and l o c a l  roadway d a t a  were c o l l e c t e d  3500-ft north 

o f  North Avenue ( see  FiE. 3 ) .  

Data used t o  determine t ruck  equivalency on t h e  tangent  roadway 

- 4 -  



POINT B POINT C 10' SHOULDER- 
A 

I ,  000' 

SIGNAL TIMING (seconds) 
120 SECOND CYCLE 

RT. I89 NORTH AVENUE 
GREEN 6 6.0 34.8 
AMBER 4.8 3 . 6  
ALL RED 3.6 7.2 
RED 45.6 74.4 

- 
POINT D 

FIG. 2 
DATA COLLECTION -SITE I 

RT. I819 N.B., AT NORTH AVENUE 
ELIZABETH, UNION COUNTY 

NEW JERSEY 



-2,000 FEET 
TO SIGNAL AT 

SITE 3 

- ._ - -  
- -  - .- e c HUMBOLDT ST RAMP SHOULDER/ SITE 2 

3,500 FEET TO SIGNAL AT 
t NORTH AVENUE , A - 1 , 1 0 0  FEET TO EXIT --+ \ 

SITE 3 
I 

FIG. 3 
DATA COLLECTION -SITES 2 813 

RT. 189 N.B., ELIZABETH, 
UNION COUNTY NEW JERSEY 

I 
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Study #4. The s i t e  was U.S. Koute 46, eastbound, o u t s i d e  of Hackettstown, 

Morris County, New J e r s e y  ( s e e  Fig.  4 ) .  

t i o n s  a r e  s e p a r a t e  roadways a t  t h e  1.8 mile long,  G% grade.  

The eastbound and westbound d i r e c -  

The roadway 

i s  conc re t e ,  two lanes, 25-ft  wide, with no shoulder .  Horizontal  

cu rva tu re  i s  p r e s e n t .  Th i s  road i s  i n  a r u r a l  area w i t h  a 1968 AADT o f  

7600. Data were c o l l e c t e d  i n  August 1969 a t  t h r e e  l o c a t i o n s  along t h e  

grade: a t  t h e  bottom (A), i n  t h e  middle (B),  and a t  t h e  t o p  (C). 

STUDY METIlODS 
---I___- 

Study #1 (Downstream From a Signa l )  

The d a t a  were c o l l e c t e d  using a twenty-pen r eco rde r  which recorded 

t h e  time o f  each successive v e h i c l e  pas s ing  each of t h e  f o u r  s tudy p o i n t s  

i n  each lane.  The type v e h i c l e  (P-car  o r  t r u c k )  was a l s o  recorded.  

The following information was obtained from t h c  f i e l d  r eco rde r  c h a r t s :  

1. Local Lane 1 and Local Lane 2 

(A) lieadways - Poin t s  A , B , C  and D 

(1) P-car following P-car 

(2 )  P-car fol lowing t r u c k  

( 3 )  Truck following P-car 

(4 )  Truck fol lowing t ruck  

2 .  Express Lanes 

(A) Headways - Poin t s  A , B , C  and D 

(1) P-car following P-car 

- 7 -  
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3.  Local Lanes 1 and 2 and Express Lanes 

(A) 11 veh’icle queues - Poin t s  A,B,C and D 

(1) Average headway of 11 success ive  v e h i c l e s  t o  pas s  

each p o i n t  

In determining t h e  average headways i n  1 and 2 ,  above, on ly  v e h i c l e s  

t r a v e l i n g  with headways of n ine  seconds o r  less were analyzed. 

t h a t  a v e h i c l e  fol lowing another  v e h i c l e  a t  a g r e a t e r  headway than n ine  

seconds was no t  d i r e c t l y  a f f ec t ed  by t h e  l ead  v e h i c l e  a t  t h i s  l o c a t i o n .  

I t  was f e l t  

In  determining t h e  average headways i n  2 ,  above, t h e  headways i n  both 

express  l anes  were used. 

An a n a l y s i s  of v e h i c l e  queues of  11 v e h i c l e s  was conducted t o  d e t e r -  

mine i f  a r e l a t i o n s h i p  exists between t h e  number of t r u c k s  i n  t h e  queue 

and t h e  average headway. 

and Local Lane 2 .  

The d a t a  combined t h e  queues from Local Lane 1 

The queues were l i m i t e d  t o  those  which passed t h e  s t u d y  p o i n t s ,  from 

f r o n t  of f i rs t  v e h i c l e  t o  f r o n t  o f  11th v e h i c l e ,  i n  a time i n t e r v a l  o f  

between f i v e  seconds and s i x t y  seconds from t h e  beginning of t h e  green 

phase.  

recorded;  no attempt was made t o  analyze t h e  va r ious  p o s i t i o n s  o f  t h e  

t r u c k s  or  P-cars wi th in  t h e  queues, s i n c e  t h e r e  are 2048 such arrangements.  

Only t h e  t o t a l  number of t r u c k s  and c a r s  i n  t h e  queues were 

Since both lanes  a r e  h e a v i l y  t r a v e l e d  t ruck  l a n e s ,  on ly  queues 

c o n s i s t i n g  o f  11 t r u c k s  and zero cars through t h r e e  t r u c k s  and e igh t  cars 

were analyzed. 

t o o  i n f r e q u e n t l y  t o  analyze.  

Queues with more than e i g h t  cars i n  t h e s e  l anes  occurred 

For comparison purposes ,  queues of 11 P-cars 



i n  t h e  express  l anes  were analyzed. 

determined by t ak ing  t h e  first through t h e  e l even th  v e h i c l e ,  then t h e  

second through t w e l f t h ,  t h i r d  through t h i r t e e n t h ,  e tc .  The 11-vehicle  

queues i n  both l o c a l  l anes  were analyzed t o g e t h e r  t o  o b t a i n  a l a r g e r  

sample. 

The t o t a l  number o f  queues was 

Study # 2  (Downstream From an Entrance Roadway) --- 
The volume f o r  any time pe r iod  is  i n v e r s e l y  p ropor t iona l  t o  t1i.e mean 

headway of a l l  v e h i c l e s  i n  t h a t  time p e r i o d .  

i n c r e a s i n g l y  l a r g e r  i n t e r v a l s  y i e l d s  dec reas ing ly  lower volumes f o r  the 

expanded pe r iod .  

t h e  l eng th  of t h e  time i n t e r v a l ,  and a s  t h e  sampled time i n t e r v a l s  

Sampling headways over  

This occurs  because t h e  maximum p o s s i b l e  headway i s  

i n c r e a s e ,  so does t h e  maximum headway. 

i n t e r v a l  w i l l  produce a more accu ra t e  e s t ima te  o f  t h e  a c t u a l  expanded 

pe r iod  volume . 

However, t h e  longer  sampling t ime 

As t h e  volume on a road approaches c a p a c i t y ,  t h e  kinematic waves i n  

Almost a l l  o f  the t r a f f i c  t h e  stream a f f e c t  a g r e a t e r  number of v e h i c l e s .  

may be forced t o  s t o p  a t  one time o r  another .  The in f luence  o f  a t ruck  

i n  t h e  t r a f f i c  stream is experienced over  some f i n i t e  t ime o r  d i s t a n c e .  

As t h e  v e h i c l e s  a c c e l e r a t e  from t h e  s t o p ,  t h e  t r u c k s  i n  t h e  stream w i l l  

take a l i t t l e  longer  t o  a t t a i n  t h e  Fpeed of  t h e  passenger  c a r s ,  hence,  a 

larger gap will appear i n  t h e  t ra f f ic  between t h e  t r u c k  and t h e  preceding 

passenger  car. 

permit t h e  t r u c k  t o  inc rease  i t s  speed above t h a t  o f  t h e  preceding 

As t h e  t ruck  cont inues downstream, t h e  l a r g e r  gap w i l l  

- 10 - 



1 

passenger c a r  and it w i l l  eventua l ly  ' 'close" t o  a normal following 

d i s t a n c e .  

s e v e r a l  miles, bu t  i n  many cases, o t h e r  vehic les  w i l l  e n t e r  t h e  l a r g e r  

gap. 

t h a t  t h e  gap crea ted  i n  t h i s  case may serve  t o  s t o p  t h e  wave i n  t h e  

stream, thereby reducing t h e  d e n s i t y  and increas ing  t h e  t o t a l  volume of  

t h e  lane.  

increase  i n  volume by c o n t r o l l i n g  t h e  v e h i c l e  input  t o  t h e  tunnel  p e r  

minute. 

This process  cah cont inue a t  t h e  near  capac i ty  l e v e l  for  

If o t h e r  v e h i c l e s  d i d  not  e n t e r  t h e  l a r g e r  gaps,  i t  can be argued 

Experiments a t  t h e  Holland Tunnel i n  New York v e r i f y  an 

A methodology and a n a l y s i s  o f  s tudy,  which considers  t h c  a fore-  

mentioned p r i n c i p l e s ,  a r e  used i n  t h i s  study. 

time i n t e r v a l  b a s i s .  

Traffic is sampled on a 

The method u t i l i z e s  t h e  headways of v e h i c l e s .  

Mean headways a r e  determined f o r  each o f  f o u r  time i n t e r v a l s  

(15 ,30 ,45  and 60 seconds) and are c l a s s i f i e d  by t h e  number of v e h i c l e s  

and t h e  percent  t r u c k s  i n  t h e  stream during each i n t e r v a l .  

A p l o t  o f  mean headway versus  t h e  number of v e h i c l e s  p e r  time i n t e r v a l  

y i e l d s  a s t r a i g h t  l i n e  on log-log paper.  

l e a s t  squares  l i n e  f o r  0% t rucks  w i l l  f a l l  below any o t h e r  l i n e .  

f o r  a s p e c i f i c  number of  v e h i c l e s ,  t h e  mean headway would be expected t o  

i n c r e a s e  f o r  an increase  i n  t h e  number of t r u c k s .  

I t  is t o  be expected t h a t  t h e  

Then, 

From t h e  b a s i c  equat ion:  

- 11 - 



Where : 

Q = Equivalent'cars 

C = Number of cars  

E = Passenger car equivalent of t rucks 

T = Number of t rucks 

Also : 

Q = Time period/p 

C = (c) (time period)/h 

T = ( t )  (time period)/h 

Where : 

p = Average headway f o r  an a l l  passenger car sample 

c = Proportion o f  cars 

I ' 

t = Proportion of trucks 

h = Average headway for a sample of ca r s  and t rucks 

Subs t i tu t ing :  

Time per iod - (c) T ime je r iod  --- --- 
h E = _p- --._--- 

( t )  Time p e r i o d  - -I_ 
h 

h - - c  
E = -  P 

t 

The mean headway 

of t rucks  can be 

(1) 

for any spec i f i c  number o f  vehicles  f o r  each percent 

subs t i tu ted  i n  equation (1) .  The resu l t ing  p lo t  

i s  E versus volume f o r  a l l  ranges i n  truck percentage f o r  which 

da ta  are  avai lable .  The volume is  determined from 3600n/time-interval. 

(Note: n = number of vehicles i n  a sample.) 

- 1 2  - 



The d a t a  c o l l e c t i o n  system c o n s i s t i n g  of pneumatic t u b e s ,  j u n i o r  

However, on ly  coun te r s  and a twenty-pen r eco rde r  i s  shown i n  Fig.  5. 

headway d a t a  from t h e  second s e t  o f  tubes were used. 

v e h i c l e  ran over  a tube  was i n d i c a t e d  on a c h a r t .  

manually. 

The time a t  which a 

Vehicle type was recorded 

-- Study #3 (Level,  Tangent Roadway) 

As i n  p rev ious  phases o f  t h e  s tudy,  t h e  d a t a  were c o l l e c t e d  by us ing  

a 'pneumatic  t ube ,  j u n i o r  counter  and twenty-pen r eco rde r  system. The 

fol lowing d a t a  were c o l l e c t e d  using t h i s  system: 

Chronological times a t  which a v e h i c l e  crossed a 
p a i r  o f  r e fe rence  l i n e s ,  

Vehicle  type ( c a r  o r  t r u c k ) ,  and 

Lane used ( r i g h t  o r  l e f t ) .  

Three 12-hour days o f  d a t a  from t h e  express roadway, and two 12-hour 

days of d a t a  from t h e  l o c a l  roadway were c o l l e c t e d .  

c o l l e c t e d  by i n d i v i d u a l  l a n e s ,  both l anes  were used i n  computing volumes 

Although d a t a  were 

and average speeds.  

The d a t a  were then coded, punched on to  c a r d s ,  and compiled by computer 

programs. The first programs group t h e  d a t a  usinq time i n t e r v a l  and platoon 

methods. Tables o f  average speed, with volume and t ruck  p e r c e n t ,  were 

produced. 

were f i t t e d .  

maximum volume o f  4000 vph f o r  a two-lane road.  

From t h e s e  t a b l e s  second degree curves of volume ve r sus  speed 

These curves were extended t o  35 mph and adjusted t o  a 

Twenty p e r c e n t ,  40% and 
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60% t ruck  curves were then constructed e q u i d i s t a n t l y  between t h e  express  

curve and t h e  80% t i c k  curve.  

volume-equivalent passenger  c a r  volume r e l a t i o n s h i p .  

i s  based on t h e  assumption t h a t  f o r  a cons t an t  speed, t h e  mixed volume i s  

equ iva len t  t o  t h e  corresponding express  roadway volume. 

These curves were used t o  p l o t  a mixed 

This  r e l a t i o n s h i p  

Two methods were used t o  t a b u l a t e  d a t a .  

Time I n t e r v a l  Method - A constant  time i n t e r v a l  was used t o  de f ine  

d a t a  samples. 

s t a r t i n g  w i t h  t h e  f irst  vehicle,made up t h e  f irst  sample. 

time samples were taken consecut ively t o  t h e  end of  t h e  s tudy .  

A l l  v e h i c l e s ,  r e g a r d l e s s  of l ane  i n  t h e  t ime i n t e r v a l ,  

T h e r e a f t e r ,  

The f irst  set of samples were formed us ing  15-second time intervals and 

another  se t  of  samples were formed using 30-second time i n t e r v a l s .  

The number of  v e h i c l e s  i n  a time i n t e r v a l  was expanded t o  v e h i c l e s  

p e r  hour. I 

I f  t h e r e  were less than t h r e e  v e h i c l e s  i n  a sample, o r  i f  more than  

one-half  t h e  speeds were missing f o r  t he  v e h i c l e s  i n  a sample, then t h a t  

sample was not  used. 

Platoon Method - A platoon was defined us ing  v a r i a b l e  l a n e  headway 

c r i te r ia  between consecut ive v e h i c l e s  ( i n  time), r e g a r d l e s s  of l a n e .  

p a i r  of consecut ive v e h i c l e s  were i n  t h e  same l ane ,  t h e  second v e h i c l e  

was assumed t o  be inf luenced by t h e  first v e h i c l e  f o r  a headway up t o  

s i x  seconds.  

t h e  second v e h i c l e  was assumed t o  bc inf luenced by t h e  first v e h i c l e  for 

I f  a 

I f  a p a i r  of consecut ive v e h i c l e s  were i n  ad jacen t  l a n e s ,  

- 15 - 



a var iab le  lane headway up t o  three  seconds. 

vehicles  pass the  reference l i n e  a t  the same time i n  adjacent lanes ,  the 

In the  event t ha t  two 

six-second c r i t e r i o n  was used f o r  

A condition could occur (see 

headway between two ad j acent lane 

a following vehicle.  

Figure below) where the var iab le  lane 

vehicles (vehicles 4 and 5) is grea te r  

t h a n  th ree  seconds, but the  headway between two same lane vehicles  (vehicles 

4 and 6) i s  less than s i x  seconds. 

5 nor 6 are considered t o  be influenced by vehicle  4 .  

pos i t ion ,  i s  assumed t o  be  primarily influenced by vehicle  5. 

For t h i s  condition, ne i the r  vehicle  

Vehicle 6 ,  i n  t h i s  

Vehicles 

1 ,2 ,3  and 4 form a platoon. Vehicles 5 and 6 a re  the  s ta r t  of another 

possible  platoon. 

4 H  <3 H > 3  L A  H<6 

151 
SPECiAL CONDITION FOR PLATOON METHOD 

A va l id  platoon was required t o  have a minimum of four  vehicles  and 

a minimum t o t a l  platoon time ( i . e . ,  var iab le  lane headway sum) of 15 seconds. 

The r a t e  of flow was determined by expanding "number of veh ic l e s / to t a l  

platoon time'' t o  an hour. Rates were grouped by 100 vph c lass  i n t e rva l s .  

- 16 - 



- Study #4 (Grade) 

Data were c o l l e c t e d  using t h e  system o u t l i n e d  i n  Fig.  5, except t h a t  

both lanes  were recorded toge ther .  

a t  t h e  l e v e l  l o c a t i o n  and n ine  hours a t  t h e  middle and t o p  of  grade 

loca t ions .  PassinR maneuvers were not  considered. The clock time was 

w r i t t e n  on t h e  recorder  char t  about every 10 minutes a s  a check on t h e  

c h a r t  recorder  speed. 

Three hours of d a t a  were c o l l e c t e d  

To determine v e h i c l e  speed, t h e  t r a v e l  t ime f o r  each v e h i c l e  had t o  

be i n t e r p r e t e d  from the  recorder  c h a r t .  

sponding t o  the  same vehic le  c ross ing  both pneumatic t u b e s ,  had t o  be 

matched. 

omitted.  

f o r  each v e h i c l e  were coded and keypunched on cards .  

t h e  r a t i o  of  clock time t o  c h a r t  time were computed and used t o  a d j u s t  

t h e  t r a v e l  time. 

Correct p a i r s  of b l i p s ,  c o r r e -  

Some s e c t i o n s  of d a t a  where matching was unreasonable were 

The c h a r t  time a t  t h e  first b l i p ,  v e h i c l e  type and t r a v e l  time 

Factors  showing 

A program gave t h e  number of v e h i c l e s  ( s i z e ) ,  t r u c k  percent ,  average 

speeds and s tandard devia t ions  f o r  c a r s  only,  t r u c k s  only ,  and c a r s  and 

t r u c k s  combined, for  each of t h e  30 second time i n t e r v a l s .  

Another program grouped t h e  above d a t a  by s i z e  and percent  t r u c k s  

(see Appendix, Tables A-6 through A-8). 
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ANALYSIS OF DATA - 
Study #1 (Downstream Frbm a Signal)  

Average Headway Comparison Between Local and Express Lanes 

The average headways between PP, PT, TT and TP were determined f o r  

Local Lane 1 and Local Lane 2 and t h e  average headway between PP was deter- 

mined f o r  t h e  express  lanes .  

I t  should be noted t h a t  t h e  average headways include headways between 

v e h i c l e s  a c c e l e r a t i n g  from a s t o p  p o s i t i o n  a t  a t r a f f i c  s i g n a l  and vehic les  

moving s t r a i g h t  through t h e  s i g n a l  which d id  not  have t o  s top .  

t h i s  is t r u e  f o r  a l l  lanes involved. 

vehic les  changing lanes  were not  analyzed, 

However, 

Lane changing is  infrequent  and 

The Highway Capacity Manual assumes t h a t  a t r u c k  is equivalent  t o  a t  

l e a s t  two cars f o r  condi t ions  such as a t  t h i s  loca t ion .  If t h i s  were t r u e  

and we were t o  convert  t h e  P-car volume i n  t h e  express  lanes  t o  an equi-  

va len t  t ruck  volume, we would obta in  one-half  of t h e  volume and t h e  

average headway would be double. However, i f  we consider  t h e  TT headways 

i n  Local Lane 1 t o  be r e p r e s e n t a t i v e  of t h e  TT headways t o  be experienced 

i n  a 100% t r u c k  lane  with t h e  same phys ica l  c h a r a c t e r i s t i c s  ( lane  width, 

grade,  s i g n a l  t iming,  e t c . ) ,  we f i n d  t h a t  i n s t e a d  o f  t h e  TT headways being 

double t h a t  of PP headways, they are only 1.26, 1.29, 1.30 and 1 .32  times 

t h e  average PP headway i n  t h e  express  lanes a t  Poin ts  A,B ,C  and D ,  

r espec t ive ly .  

This ,  again,  i s  based on t h e  assumption t h a t  t h e r e  i s  no d i f f e r e n c e  

i n  t h e  TT headways i n  t h i s  80% t ruck  lane  and a 100% truck lane.  The 

I 
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average TT headway i n  Local Lane 1 is, however, s i g n i f i c a n t l y *  g r e a t e r  

than t h e  average PP headway i n  t h e  express  l a n e .  But it i s  no t  double. 

Since Local Lane 1 d i d  have 20% P-cars ,  t h e  averagc lieadways between 

P P ,  PT and TP i n  t h i s  l a n e  were a l s o  compared with t h e  PP headways i n  thc 

expres s  lane a t  a l l  p o i n t s .  

a t  a l l  p o i n t s  were a l s o  found t o  be s i g n i f i c a n t l y  g r e a t e r  than t h e  PP 

lieadways i n  t h e  express  l anes  a t  t h e  corresponding p o i n t s .  

t h a t  t h e  presence o f  a l a r g e  number of t r u c k s  i n  a l ane  may have an 

apprec i ab le  in f luence  on i n c r e a s i n g  t h e  headways between a l l  type veh ic l e s  

i n  t h e  l ane .  

The average hcadways between P P ,  P'r and TP 

I t  appears  

The headways between PP,PT,TT and TP a t  a l l  p o i n t s  i n  t r u c k  l ane  2 

were a l s o  compared with t h e  corresponding PP headways i n  t h e  express  l anes  

t o  see i f  t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  average headways. 

A t  a l l  four  p o i n t s  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  average 

PP headway i n  Local Lane 2 and t h e  average PP headway i n  t h e  express  l a n e s .  

For o t h e r  d i f f e r e n c e s ,  see Table 1. 

I t  appears he re  t h a t  t h e  presence o f  t r u c k s  i n  t h i s  lane,with 38% 

t r u c k s ,  does no t  have as g r e a t  an effect on a l l  t ype  headways as was 

experienced i n  t h e  80% t r u c k  lane.  I n  e i t h e r  case, it does n o t  appear 

- 
*The s t anda rd  s t a t i s t i ca l  tes t  f o r  determining d i f f e r e n c e s  i n  means i s  
used t o  t es t  f o r  s i g n i f i c a n c e  i n  t h i s  s tudy.  
was used. 
Engineering Studies"  I n s t i t u t e  o f  T r a f f i c  Engineers,  Washington, D . C . ,  
19G4. 

The 95% l e v e l  of confidence 
An example o f  t h i s  method may be found i n  "Manual o f  T r a f f i c  
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TABLE I 

Express  Lane 

PP 

Local Lane 1 

PP 

PT 

TP 

TT 

Local Lane 2 

PP 

P'r 

TP 

TT 

POINT A 
Avg. S t d .  N O .  
Hdwy. Dev. Samples - 

3.04 2.29 

3.48 2.44 

4 .21  2.39 

3.64 2.28 

3 .83  2.09 

3.21* 2 . 1 3  

3 .50  2.29 

3.38 2.24 

3.49 2.17 

9,607 

161 

339 

286 

1,808 

656 

482 

458 

555 

AVERAGE HEADWAYS 

Study # I  

POINT B 
Avg. S t d .  No. 
Hdwv. Dev. SamDles 

---I- 

3.09 

3.76 

4.25 

3.80 

4.02 

3.19* 

3 .63  

3.05* 

3.37 

2.16 10,782 

2.37 218 

2.33 362 

2.31 325 

2.08 1,778 

2.21 839 

2 . 2 2  597 

2.17 591 

2.17 740 

(Seconds) 

POINT C 
Avg. Std. NO. 
Mdwv. Dev. SamDles 

3.12 2.12 10,790 

3.74 2.19 195 

4.50 2.43 364 

4.03 2.29 337 

4.04 2.12 1,834 

3.00* 2 . 1 2  817 

3.76 2.30 597 

2.96* 2.06 569 

3.30 2.14 635 

*No s i g n i f i c a n t  d i f f e r e n c e  between l o c a l  and expres s  l a n e  headways. 
A l l  o t h e r  headways d i f f e r  s i g n i f i c a n t l y  from t h e  expres s  lane headways, a t  t h e  95% 

POINT D 
Avg. Std.  No. 
fidwy. Dev. Samples 

- - ~  

_.-- 

3.15 2.15 

4.23 2.46 

4.47 2.39 

3.98 2.13 

4.18 2 .11  

3.21* 2 . 2 3  

3 .37 2.29 

3.19* 2.18 

3.22* 2.16 

10,382 

2 17 

363 

335 

1,711 

728 

546 

548 

805 

level of conf idence .  



a t  t h i s  l o c a t i o n  t h a t  a t r u c k  could be equiva len t  t o  two P-cars from a 

volume s tandpoin t .  Table 1 shows t h e  average headways, s tandard devia t ion  

and t h e  number of samples by lane  f o r  each combination of v e h i c l e s .  

Eleven Vehicle Queues 

Figures 6 through 9 show t h e  average headway t r e n d  l i n e s .  

cases t h e  average headways appear t o  decrease with a decrease i n  t h e  

t o t a l  number of t r u c k s  i n  t h e  queue. 

lanes  a r e  shown i n  Table 2 .  

In a l l  

The average headways f o r  t h e  l o c a l  

Study # 2  (Downstream From an Entrance Roadway) 

Table 3 gives  an i n d i c a t i o n  of t h e  r e l a t i v e  s lopes  of  each regress ion  

l i n e  for t h e  p l o t  of headway versus  t h e  number of v e h i c l e s  p e r  time i n t e r v a l .  

The f l a t t e r  s lopes  y i e l d  an increas ing  va lue  of t h e  t ruck  equivalent  with 

an increase  i n  t h e  number of v e h i c l e s  p e r  time i n t e r v a l  ( r a t e  o f  f low).  

The r e s u l t i n g  t ruck  equiva len t  f o r  each of t h e  t i m e  i n t e r v a l s  i s  p l o t t e d  

a g a i n s t  t h e  rate of flow i n  Figures A - 1  through A-4 i n  t h e  Appendix. 

Speed d a t a  were not  determined f o r  t h e  time i n t e r v a l s  and i t  i s  t h e  

lack of t h i s  v a r i a b l e  which may account f o r  t h e  c ross ing  of t h e  regress ion  

l i n e s .  

i n c r e a s e  f o r  speeds i n  excess  of approximately 40 mph, i n  conformance 

lleadways decrease t o  a minimum value a s  speed i n c r e a s e s ,  and then 

with t h e  volume-speed curve. 

mean headways f o r  a l l  ranges of speed were p l o t t e d  f o r  a s p e c i f i c  number 

Speed d a t a  were grouped i n  t h i s  s tudy and 

of  vehic les  p e r  time i n t e r v a l  and percent  t r u c k s .  
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TABLE 2 

ELEVEN-VEHI CLE QUEUES 
LOCAL LANES 1 AND 2 

AVERAGE HEADWAYS (Seconds) 

Study #1 

P O I N T  A POINT B POINT C POINT D 
No. Ilead- No. Head- No. Ilead- TE Head- No .  

Trucks way Obs. way Obs. way Obs. way Obs. 

11 4.37 87 4.43 102 4.16 92 4.28 86 

10 4.41 139 4.39 1 2 3  4.51 147 4.59 135 

9 4.31 117 4.29 121 4.56 119 4.65 119 

8 4.14 66 4.09 112 4.24 92 4.22 118 

7 4.25 53  4.31 74 4.10 96 3.81 161 

6 4.34 49 3.95 84 3.82 1 2 2  3.96 123 

5 4.29 70 3.87 128 3.85 116 3.73 112  

4 4.17 69 3.63 88 3.64 100 3.84 83 

3 4.02 47 4.01 77 3.77 67 3.82 46 

I 

EXPRESS LANES 

0 3.44 2455 3.43 3000 3.47 2946 3.48 2777 



Table 3 

REGRESSION EQUATION FOR fIEADWAY (Y=AXB) 

Study H2 

Time Percent -__.--- iieadway (Y) Equation . Range of X -- --- 
I n t e r v a l  ‘Trucks Left Lane Right Lane Left Lane Right Lane 

u - A I3 A -__ --------- ----- (Sec.) -- 

1s 0 3 - 10 3 -  8 8.30 -0.77 8.54 -0.73 

30 3 -  8 3 -  8 8.67 -0.74 10.34 -0.83 

100 3 -  6 3 -  6 6.69 -0.62 11.68 -0.90 

30 0 4 - 1s 3 - 12 16.71 -0.81 18.73 -0.84 

30 4 - 15 3 - 1s 18.72 -0.85 21.42 -0.89 

50 4 - 11 4 - 15 

70 3 - 1 2  21.61 -0.89 

12.09 -0.62 21.96 -0.90 

- - - 

13.34 -0.70 20.55 -0.85 80 4 - 12 4 - 13 

- - - 22.56 -0.91) 100 3 -  9 

45 0 4 - 15 3 - 12 27.26 -0.87 36.38 -0.95 

30 4 - 19 3 - 15 23.65 -0.81 29.82 -0.86 

50 4 - 17 4 - 16 21.76 -0.75 29.96 -0.87 

70 6 - 1s 3 - 15 38.21 -1.00 34.34 -0.92 

100 3 - 12 30.33 -0.85 - - - 

60 0 5 - 16 5 - 12  30.36 -0.80 51.02 -0.96 

30 4 - 20 3 - 18 40.61 -0.92 43.95 -0.91 

50 4 - 15 4 - 19 33.72 -0.85. 49.71 -0.95 

70 6 - 12 3 - 2 1  57.81 -1.17 51.49 -0.97 

100 - 3 - 11 - - 38.81 -0 .S5 

-------I--------- - ----__c--- -------- 
X = Number o f  vehic les  observed i n  a c e r t a i n  time i n t e r v a l  and i n  a c e r t a i n  t ruck  

percentage.  



Study #3 (Level, Tangent Roadway) ----- 

A second degree. r e l a t i o n s h i p  between volume and speed was determined 

fo r  each t r u c k  pe rcen t  group and f o r  each method (15-second time interval,  

30-second time i n t e r v a l ,  and p l a toon) .  

Appendix. 

v a r i a t i o n s ,  and t h e  95% t ruck  curves were e l imina ted  due t o  small sample 

s i ze  and a low volume range. The d a t a  have a speed range between 40 mph 

and 50 mph, bu t  t h e  curves were extended t o  35 mph. 

See Tables A - 1  throuRh A-4 i n  t h e  

A t  t h i s  p o i n t ,  t h e  15-second curves were e l imina ted  due t o  wide 

The maximum volume (4000 vph for a two-lane road, according t o  t h e  

Highway Capacity Manual) was assumed t o  occur a t  35 mph. 

a t  35 mph f o r  both methods exceeded 4000 vph, t h e  curves were co r rec t ed  

by a f a c t o r  o f  "4000 vph/volume a t  35 mph." 

t ruck  pe rcen t  curves f o r  t he  30-second time i n t e r v a l  and platoon curves 

were then averaqed t o g e t h e r .  

only t h e  p l a toon  curve was used i n  t h i s  case s i n c e  t h e  30-second curve was 

Since t h e  volume 

The c o r r e c t e d  corresponding 

The 60% t r u c k  group curve was an except ion;  

so  f l a t .  (See Appendix, Table A-5.) 

Many speed-volume curves showed a speed inc rease  with volume t o  a 

peak-speed, which occurred at  t h e  lower volumes, and then  showed t h e  

expected speed decrease.  

were used. 

Only t h e  decreasing p o r t i o n s  o f  t h e s e  curves 

I t  was found t h a t  t h e  speed-volume curves had an almost uniform 

v a r i a t i o n  between t h e  0% express ,  and 80% t ruck  curves.  Thus, assumed 

curves were cons t ruc t ed  f o r  20%,40% and 60% t ruck  groups. 

curves  has  now been formed which c o n s i s t s  of  t h e  l i m i t i n g  curves and the 

assumed curves.)  

(A f a m i l y  of 
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In  t h e  speed range from 35.0 mph through 4 3 . 7  mph, t h e  assumed curves 

were cons t ruc t ed  e q u i d i s t a n t l y  between the l i m i t i n g  curves.  For speeds 

g r e a t e r  than 43 .7  mph, t h e  assumed curves were extended t o  proport ioned 

p o i n t s  along a chord between t h e  v e r t i c e s  o f  t h e  two l i m i t i n g  curves (see 

Fig. 10 ) .  

In  comparing t h e  same t ruck  group curves (by pe rcen tages ) ,  t h e  time 

i n t e r v a l  curves f a l l  below t h e  platoon curves.  

o f  t h e  d i f f e r e n t  techniques used t o  compute volume. 

based on t h e  average headway from t h e  first t o  t h e  l a s t  v e h i c l e  i n  a 

p l a toon .  The time i n t e r v a l  is  used as t h e  base f o r  volume i n  t h e  o t h e r  

method. 

computed volume w i l l  be s l i g h t l y  less than f o r  t h e  p l a toon  method. 

This  can be expected because 

Platoon volume i s  

Because t h e r e  is  " los t "  time i n  t h e  time i n t e r v a l  method, t h e  

These curves were extended t o  35 mph based on t h e  assumption t h a t  t h e  

maximum capac i ty  f o r  a l l  t r u c k  percent  groups occurs  a t  t h i s  speed. How- 

e v e r ,  maximum capac i ty  fo r  high t r u c k  pe rcen t  groups could p o s s i b l y  occur 

a t  lower speeds.  This concept was no t  i n v e s t i g a t e d .  

Many of t h e  speed-volume curves show a speed i n c r e a s e  with volume t o  

a peak speed a t  about 800 vph f o r  t h e  two-lane roadway. 

exp lana t ion  f o r  t h i s  i s  t h a t  below t h i s  volume,most d r i v e r s  do n o t  seem t o  

be a f f ec t ed  by o t h e r  t ra f f ic .  

Perhaps t h e  

The d r i v e r  chooses h i s  own speed, which i s  

below t h e  peak speed. 

and the ave ra re  speed 

Using t h e  family 

passenger  car volumes 

Above t h i s  volume, more of  t h e  t r a f f i c  is r e s t r i c t e d  
) 

is  lowered. 

of  speed-volume curves from Fig.  10 , equ iva len t  

can be determined f o r  each t r u c k  percent  group 
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using t h e  express  curve as t h e  base. 

40% t r u c k s  : 

The followinR i s  an example, using 

Volume (vph) Speed (mph) 
Mixed Express 

3200 4000 35 

2500 3200 40 

Because t h e  express  volume c o n s i s t s  of a l l  passenger cars, it i s  

considered t o  be t h e  equiva len t  passenger c a r  volume a t  t h e  given speeds.  

Fig.  11 i s  cons t ruc ted  by using express volume as t h e  o r d i n a t e  and mixed 

volume as  t h e  a b s c i s s a .  This f i g u r e  has c e r t a i n  l i m i t a t i o n s .  No 

r e l a t i o n s h i p s  are shown f o r  mixed volumes below 1000 vph. 

t h e  equiva len t  passenger  car volume i s  based on average speed, which 

reaches a maximum f o r  each t r u c k  percent  group, no r e l a t i o n s h i p  can be 

shown f o r  speeds g r e a t e r  than t h e  maximum average speed a t t a i n e d  by each 

t ruck  percent  group. 

Also, s i n c e  

A f a c t o r  was computed for each t ruck  percent  group for speeds between 

35 mph and 46 mph. 

The expected p a t t e r n  f o r  t h e  var ious truck percent  groups is a family o f  

decreasing curves with t h e  express curve as  t h e  outermost curve ( see  Fig.  10). 

Some except ions occur  i n  t h e  15-second curves.  

These f a c t o r s  a r e  tabula ted  and shown i n  Tab le  4 .  

Both t h e  60% and t h e  80% 

t r u c k  group curves were f l a t t e r  than expected. 

60% t ruck  group curve, was inexpl icably  f l a t .  

expected t o  approximate t h e  express  curve,  but  d i d  n o t .  

above and then f e l l  below the express curve (see Fig .  l o ) .  

Another curve,  t h e  30-secondY 

The 0% l o c a l  t r u c k  curve was 

I t  was i n i t i a l l y  

No explanat ion 
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Table 4 

TRUCK EQUIVALENT FACTORS (car / t ruck)  

Study # 3  

35.0 

36 , 0 

37.0 

38.0 

39.0 

40.0 

41.0 

42.0 

43.0 

43.7 

44.0 

44.3 

45.0 

45.7 

Approx. Avg. * 

1.58 

1.58 

1.57 

1.57 

1.57 

1.57 

1.57 

1.58 

1.62 

1.78 

1.94 

2.16 

2.80 

5.30 

1.60 

1.66 

1.65 

1.65 

1.64 

1.64 

1.64 

1.64 

1.66 

1.70 

1.93 

2.02 

2 .28  

3.56 

- 

1.65 

1.76 

1.75 

1.74 

1.74 

1.74 

1.73 

1.74 

1.76 

1.82 

2.16 

2.36 

2.97 

1.75 

1.89 

1.88 

1.88 

1.87 

1.86 

1.86 

1.66 

1.8'3 

1.98 

2.51 

- 

- 

1.90 

*For speeds between 35 mph and 43 mph. 



could be found f o r  t h e  h ighe r  speeds on the l o c a l  roadway a t  t h e  lower 

volumes. However, th'e l o c a l  curve d a t a  cover a s h o r t e r  and lower volume 

range than  t h e  express  curve d a t a ,  and an extension o f  t h i s  curve cannot 

be expected t o  y i e l d  much s i m i l a r i t y  t o  t h e  express curve.  

exp la in  t h e  d i f f e r e n c e  a t  t h e  hiTher volumes where t h e  l o c a l  roadway d a t a  

were extended. 

l'his may 

Study #4 (Grade) -.--- 

The means of car speeds a t  0% t r u c k s  were t e s t e d  a g a i n s t  t h e  means 

o f  car speeds f o r  i nc reas ing  percentages o f  t rucks  (see Table 5 ) .  In 

a d d i t i o n , f o r  t h e  same t r u c k  percent  group, t h e  means o f  t h e  c a r  speeds 

were t e s t e d  a g a i n s t  t h e  means of  t h e  t ruck  speeds a t  va r ious  percentages 

of  trucks (see Table 6 ) .  

tes t  a t  t h e  0.05 l e v e l  o f  s i g n i f i c a n c e .  

Both comparisons were made us ing  a o n e - t a i l e d  t 

No a n a l y s i s  was made f o r  t ruck  equivalency s i n c e  the maxinium flow 

rates and t h c  sample s i z e s  a t  t h e s e  r a t e s  were so low (between 1200 t o  

1400 vph) . 
For information, Figures 12  through 14 i l l u s t r a t e  t h e  passenyer c a r  

and t ruck  speeds f o r  an inc reas ing  number of vehicles p e r  tiiiie i n t e r v a l .  

Tables  A-6 through A-8 ( i n  t h e  Appendix) t a b u l a t e  t h e  same information 

with t h e  s t anda rd  e r r o r  of t h e  mean speeds and the  number of  t ime i n t e r v a l  

obse rva t ions  f o r  each category.  

The average speed of t h e  t rucks  has appa ren t ly  reached a minimum a t  

the middle of the grade (4500' from t h e  bottom of  t h e  grade) .  

I 



TABLE 5 

TEST OF FEAN CAR SPEED AT 0 %  TRUCKS w1-m MEAN CAR SPEED AT x% TRUCKS 

One-Tailed t Test at 0.05 Level of Significance 
S t u d y  #4 

S i t e  % Trucks .. Vehicles/30-Second T i m e  Interval 
-- 2 3 4 5 6 7 8 9 1 0  11 1 2  1 3  14 1 5  

A l o  
20  
30 
4 0  
5 0  
7 0  

H 10 
20 
30 
4 0  
50 
6 0  
7 0  

C 1 0  
2 0  
30 
4 0  
50 
6 0  
7 0  

NS 
NS 

S - 

S - Significant difference in means 
NS -- KO Significant difference in means 



TABLE 6 

TEST OF bIEAN CAR SPEED NIT11 MEAN TRUCK SPEIiL) 

One-Tai led t Tes t  at 0 . 0 5  Level of Significance 
S t u d y  # 4  

Site ‘Trucks 2 3 4 5 6-7-  8 9 1 U  11 1 2  1 3  14 I S  

A 1 0  - - - - S N S  - NS - - - - - 

0, Vehicles/SO Second Time Interval 
- -.-- 

- 
- - 2 0  - N S  s - - s  

30  - 
4 0  - s -  - NS - - - - - - - 
50 5s - NS - NS - - - - - - - 
G O  - - 
7 0  - NS NS - - - - - - 

- - - - - 
- - - - - - - - - - - 

- - 
- - - - - - - - - - - - 

- - - - - 

I 

S - Significant d i f f c r e n c e  in means 

IUS - No significant difference in means 









CONCLUSIONS - -- 

I t  i s  r e a l i z e d  t h a t - o n l y  one s i t e  was analyzed f o r  each s tudy and 

t h a t  t h e  r e s u l t s  may be r e p r e s e n t a t i v e  o f  only t h i s  s i t e ,  and f u r t h e r ,  

t h e  t r u c k s  were not c l a s s i f i e d  by s ize .  

A comparison o f  t h e  r e s u l t s  from each of  t h e  s t u d i e s  covered by t h i s  

r e p o r t  should be made with care, because of t h e  d i f f e r e n c e  i n  mqthods used 

t o  c o l l e c t  t h e  d a t a  and a l s o  t h e  d i f f e r e n c e  i n  bases on which t h e  t ruck  

equ iva len t  i s  computed. 

With t h i s  i n  mind, t h e  following conclusions are drawn from each 

s tudy :  

Study #1 (Downstream From a S igna l )  --- 

1. I t  appears t h a t  t h e  pe rcen t  of  t r u c k s  i n  a t r a f f i c  l ane  has  an 

e f f e c t  on t h e  average headway of a l l  t ype  v e h i c l e s .  

appear t o  i n c r e a s e  with an inc rease  i n  pe rcen t  t r u c k s .  iiowever, a t ruck  

does not  appear t o  be equ iva len t  t o  two P-cars from a volume s t andpo in t .  

The average headways 

2 .  I t  appears t h a t  t h e  number of t r u c k s  i n  a queue of eleven v e h i c l e s  

has  an e f f e c t  on t h e  average headway i n  t h e  queue. 

o f  t r u c k s ,  t h e  l a r g e r  t h e  average headway. Again, however, a t r u c k  does 

no t  appear t o  be equ iva len t  t o  two P-cars. 

The g r e a t e r  t h e  number 

3 .  A least  squa res  t r e n d  l i n e ,  f i t t e d  t o  average headways o f  eleven 

v e h i c l e  queues i n  a P-car t r u c k  roadway, when extended t o  the p o i n t  of  

zero t rucks  and eleven cars, approximates t h e  observed average headways of 

1 

eleven P-cars i n  a P-car only roadway a t  t h r e e  of t h e  f o u r  s tudy p o i n t s .  
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Study # 2  (Downstream From an Entrance Roadway) 

1. Left Lane - 
A .  The passenger car equ iva len t  o f  t r u c k s  appears  t o  decrease 

with an i n c r e a s e  i n  t h e  percent  of t rucks  i n  t h e  stream. 

been s u b s t a n t i a t e d  by Study #3, which uses  speed as t h e  base t o  compare 

volumes. 

This  has no t  

B. Volume appears  t o  have no effect on t h e  equ iva len t  f a c t o r  

as t h e  f a c t o r  i s  approximately 1.10 throughout t h e  range i n  volumes, even 

though t h e r e  is  a l a r g e  v a r i a t i o n  throughout t h e  range. 

shows v a r i a t i o n  i n  t h e  f a c t o r  with volume. 

Again, Study # 3  

2 .  Right Lane 

A. There i s  a l a r g e  v a r i a t i o n  i n  t h e  f a c t o r  a t  t h e  lower volume 

ranges,  but as volume i n c r e a s e s ,  t h e  f a c t o r  l c v e l s  o f f  a t  approximately 1.05. 

B. There is appa ren t ly  no v a r i a t i o n  i n  t h e  f a c t o r  with an i n c r e a s e  

i n  t h e  pe rcen t  t rucks  i n  the  stream. 

Study # 3  (Level,  Tangent Roadway) 

1. For t h e  dual-dual roadway under t h e  cond i t ions  s t u d i e d ,  a r e l a t i o n  

between mixed volume and equ iva len t  passenger  car volume was determined for 

20%,40%,60% and 80% t ruck  groups. 

assumed t o  be equ iva len t  t o  t h e  corresponding express  roadway volume. 

A t  a cons t an t  speed, a mixed volume was 

As would be expected, t h i s  r e l a t i o n s h i p  shows t h a t  f o r  a cons t an t  

mixed volume and with i n c r e a s i n g  t ruck  pe rcen t ,  t h e  equ iva len t  passenger  

car volume i n c r e a s e s  and average speed dec reases .  
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2 .  

3 .  

A t r u c k  appears  t o  be equ iva len t  t o  less than  two cars. 

The b e s t  fit', second degree speed-volume curves f o r  s e v e r a l  t ruck  

pe rcen t  groups showed an i n c r e a s e  i n  speed with volume t o  a peak speed a t  

800 vph f o r  a two-lane road and then  t h e  expected speed decrease.  

t h i s  volume , t h e r e  i s  appa ren t ly  l i t t l e  r e s t r i c t i o n  of movement and t h e  

d r i v e r  chooses a speed below t h e  peak speed. Above t h i s  vo lume , t r a f f i c  

r e s t r i c t i o n  i n c r e a s e s  and lower speeds r e s u l t .  

Below 

Study #4 (Grade) 

Due t o  t h e  very low volumes on t h i s  road, no p r a c t i c a l  r e s u l t s  were 

p o s s i b l e .  

For t h e  l e v e l  s i t e  A,  t h e  r e s u l t s  showed no d i f f e r e n c e  between t h e  

means o f  car speeds a t  0% t r u c k s  and t h e  car speeds with t r u c k s  i n  t h e  

stream. 

d i f f e r e n c e  i n  t h e  means. 

For  t h e  middle and t h e  t o p  o f  t h e  grade, t h e r e  was a s i g n i f i c a n t  

S i m i l a r l y ,  when comparing car and t r u c k  speeds f o r  t h e  same t r u c k  

pe rcen t  group, no d i f f e r e n c e  was shown a t  t h e  l e v e l  s i t e  A, but t h e r e  was 

s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  middle and t h e  t o p  o f  t h e  grade.  

- 42 - 
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DATA COLLECTION AND CODING ERRORS -- 
Various e r r o r s  &curred i n  recording and coding t h e  twenty-pen 

recorder  da ta .  Sometimes a vehic le  was not  recorded a t  both ends of t h e  

speed course.  A few 

e r r o r s  may have occurred i n  manually c l a s s i f y i n g  v e h i c l e  type.  

Thus, speeds were not  a v a i l a b l e  f o r  every v e h i c l e .  

I f ,  i n  coding t h e  d a t a ,  an undetected passing maneuver occurred, o r  

i f  an i n c o r r e c t  p a i r  o f  "bl ips"  on t h e  recorder  c h a r t  were used, or i f  t h e  

time d i f f e r e n c e  was measured i n c o r r e c t l y ,  then t h e  speed was a l s o  i n c o r r e c t .  

A small e r r o r  i n  t h e  time d i f f e r e n c e  r e s u l t s  i n  a l a r g e r  e r r o r  a t  higher  

speeds than a t  lower speeds.  

de tec ted  by computer programs as headway e r r o r s .  

Er rors  i n  coding chronological  time were 

Coding t h e  d a t a  fo r  t h i s  s tudy was an enormoas job.  This method is 

not  p r a c t i c a l  f o r  c o l l e c t i n g  l a r g e  q u a n t i t i e s  of d a t a ,  o r  for headway d a t a  

f o r  more than two lanes .  

tubes a r e  requi red  and i n t e r p r e t i n g  t h e  recorder  c h a r t  becomes more 

complicated. 

With more than two l a n e s ,  overlapping pneumatic 

- 4 3  - 



FURTHER RESEARCH 
I 

S i m i l a r  s t u d i e s  a t  d i f f e r e n t  s i tes  may be warranted as a check on 

t h e s e  r e s u l t s ,  

Since t h e  grade s tudy  d i d  no t  give any p r a c t i c a l  r e s u l t s ,  f u r t h e r  

r e sea rch  is needed i n  t h i s  a r ea .  The s tudy  s i t e  should be one with a 

cons t an t ,  long grade, p r e f e r a b l y  without h o r i z o n t a l  cu rva tu re ,  with a 

high volume and w i t h  a high percent  of t rucks .  

. For t h e s e  s t u d i e s ,  no at tempt  was made t o  d i s t i n g u i s h  between t ruck 

types .  Perhaps t h i s  area should be  i n v e s t i g a t e d .  

- 44  - 
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Table A - 1  

Study !I3 
VOLUME SPEED COMPILATION (15-SECOND TIME INTERVAL METHOD) 

S L O C  a 1  ~ o a a w  a y 1 1  ~ U C K  r e r c e n t  tiroupsj 
e n l v  0 - 5% 5 - 30% 30 - 50% 50 - 70% 70 - 90%* 90 - 100% 

~ -- 
S i t e l  Vo12 ft3 Spd4 SE5 # Spd SE # Spd SE !I Spd SE !I Spd SE !I Spd SE # Spd SE 

3 720 200 46 4 . 1  205 47 4.9 - - - 233 46 4.6 168 44 4.7 114  44 4 .8  83 43 5.1 
4 960 186 47 4.1 155 49 4.5 206 46 4.5 - - -  180 45 4.5 65 44 4.1 44 44 4.5 
5 1200 163 47 4.0 109 48 4.5 147 47 4.3 152 45 4.9 109 44 4.7 35 44 4.1 21 43 5.7 

6 1440 135 46 3.4 75 48 4 .3  105 47 4 . 3  99 46 3 .6  164 45 3.8 54 43 3.9 19 45 4.2 
7 1680 122 46 3.5 46 47 4.9 145 46 3.7 80 46 3.9 62 45 4.6 27 44 3.2 3 44 0.7 
8 1920 106 46  3.3 20 48 3.8 87 45 4.5 49 45 3 .7  81 44 3.0 9 43 2.8 2 43 0.4 
9 2160 70 46 3.0 18 46 4.5 52 45 4.3 65 44 4.4 42 42 4.4 14 44 4.7 - - - 

10 2400 79 46 3.6 6 46 2.2 33 46 4.5 36 45 4.8 27 43 3.5 4 45 5.1 - - - 

35 43 4.7 28 43 3.3 15  41 3.9 11 2640 51 45 2.6 
1 2  2880 54 45 3.0 - - -  14 43 3.9 14  40 3.7 13 43 2.7 - - -  - - -  
13 3120 41 44 3.1 - - -  9 44 3.3 1'5 39 4.0 2 38 3.5 

5 42 6.0 14 3360 41 43 3.6 - - -  
15 3600 24 42 3.6 

- - -  - - -  - - -  

- - -  - - -  
- - -  - - -  - -  - 6 37 6.8 

- - -  - - -  - - -  - - -  - -  - - - -  

TOTAL 1339 634 833 777 868 322 172 

'Size : Veh . /15-Sec . 4Spd: Average Speed (mph) 
*Val: Volume (vph)-Rate of flow %E: S tandard  Error (mph) 
3!I: Number of obse rva t ions  *Note : These va lues  r e s u l t e d  

- - i n  a concave curve.  This  l i n e  
was n o t  used. 



'Table A-2 

Study #3 
VOLUME-SPEED COMPILATION (30-SECOND TIME INTERVAL METHOD) 

Express L o c a l  R o a d w a y (Truck Pe rcen t  Groups) 
90 - 100% 

S i z e 1  ~ 0 1 2  #3 Spd4 SE5 # Spd SE # spa SE # Spd SE: # Spd SE # Spd SE # Spd SE 
- Cars Only 0 - 5% 5 - 30% 30 - 50% 50 - 70% 70 - 90% 

14 42 5.1 3 360 79 1 6  4.5 54 46 4.2 - -  - 
4 480 71 46 4.0 41  48 4.4 45 47 4.3 - - -  46 44 4.3 29 42 3.6 7 45 2.4 
5 600 73 46 3.5 38 49 4 .1  76 47 4.4 5 9  45 4.7 38 43 4.6 25 44 3.6 5 45 5.6 

- _ -  60 46 4.5 38 44 4.7 

6 720 74 47 3.7 32  48 3.8 52 48 4.7 46 46 2.9 74 44 4.0 16  42 3.6 2 45 0.0 
7 840 63 46 3.5 29 48 2 .7  a4 46 4.2 46 45 3.8 28 44 4.2 35 43 3.0 3 48 2 .1  
8 960 63  46 3 .5  11 52* 2.4 65  47 3.5 38 45 3.7 54 44 3.1 26 43  4.6 2 44 0.8 
9 1080 53 47 3.6 7 48 3.2 68 46 3.9 68 45 3.9 38 45 3.2 11 45 4.3 2 43 5.4 

10 1200 47 46 2.7 1 5  46 4.6 49 46 4.2 55  47 2.9 47 45 3 .4  27 44 3.6 4 43 3.2 

11 1320 46 46 3 .0  4 47 3.2 61 47 3.9 43  47 3.3 28 44 2.8 10 46 3 .2  2 44 0.5 
12  1440 47 46 3.0 5 47 2.5 51 47 4 .1  36 45 4.4 33 45 2.9 9 42 2.8 2 44 0.5 
13 1560 40 45 2.7 5 48 3.1 33 47 2.7 47 44 2.9 35 43 3.6 - -  8 43  2.7 - 
15 1800 29 44 4.2 25 45 3.2 19  42 3.4 4 42 2.2 - 
14 1680 37 45 2.8 3 47 2.8 28 45 2.3 26 44 4.1 19 45  3.7 7 42 2.8 - - -  - -  30 46 3.8 - - -  

24 46 3.5 31 43 3.4 18  4 3  3.5 3 42 1 .9  - - -  16 1920 25 46 2 .6  - - -  
13 45 3.3 18 42 3.9 6 41 2.9 4 43 0.9 - - -  17 2040 18 46 2.0 - - -  
15 46 3.8 15 43 4.1 4 45 1.9 2 36 1.5 - - -  18 2160 18 45 3.4 - - -  

19 2280 24 46 3.2 5 45 4.7 1 0  44 2.5 5 45 4.7 - - -  - -  
3 45 4.2 11 43 2.3 6 43  3 .2  - - -  - -  20 2400 15  44 1.8 - -  

- - - -  
- - 

- - . .  2 1  2520 14 45 1 .4  - - -  6 44 4.9 3 41 2.7 3 42 1.8 - - -  
22 2640 9 44 3.3 - - -  4 43 3 .2  3 45 1 .6  - - -  
23 2760 8 45 3.0 - - -  - -  - 6 41 4.4 - - -  
24 2880 16 44  3.3 - - -  - -  - 
25 3000 6 44 2.7 - -  - -  - 
26 3120 6 44 3.3 - - -  

- - - -  - -  
- - - -  - -  
- - - -  - -  - - -  - - -  

- - - - -  - -  - - -  - - -  
- - - -  - -  - -  - - - -  - - -  

- - -  - - - -  - - -  - - -  - - -  - -  - - - - - - 4 40 2.7 - 31 3720 
TOTAL 912 244 712 646 539 216 43  

'Size : Veh. /30-Sec. 3#: Number of o b s e r v a t i o n s  'SE: Standa rd  E r r o r  (mph) 
2Vol: Volume (vph) 

Rate of flow 
4Spd :Average Speed (mph) *This value seems too h igh  and 

was n o t  used  i n  t h e  analysis 



Taole A-3 
VOLUME-SPEED COMPILATION (PLATOON METHOD) 

Study #3 

I' Express 
Cars Only 

Vo12 ' t 3  Spd4 SE5 
650 - - - 
750 
850 
950 

1050 
1150 
1250 
1350 
1450 
1550 
1650 
1750 
1850 
1950 
2050 
2150 
2250 
2350 
2450 
2550 
2650 
2 750 
2850 
2 950 
3050 
3150 
3250 
3350 
3450 
3550 
3650 
3750 
3850 
3950 
4050 
4150 
4250 
TOTAL 

- - - 
2 46 0.7 
1 45 - 
4 48 5 . 3  
5 46 3 .5  
3 47 1 .7  
4 46  1 . 2  
9 45 1 . 8  
4 51 2 .5  
8 46 1 .8  

11 47 3 .8  
7 45 2 . 8  

17 46 2.5 
15  45 2 . 3  
15 44 1.8 
10 46 2.7 
14  44 3.1 
14 46 2.5 
4 46 2.2 

1 5  46 2.9 
7 43 3.5 
3 42  1.1 
5 46 3.1 

10  43 2 .1  
9 42 3.3 
8 4 3  2.5 

11 41 3.2 
2 44 6 . 3  
6 42 1 . 2  
6 42 5 . 1  
1 45 - 
2 39 2 . 8  
1 40 - 

L o c a 1 R o a d w a y (Truck Percent Groups) 
90 - 100% 70 - 90% - 0 - 5 %  5 - 30% 30 - 50% 50 - 70% - 

# Spd SE # Spd SE # Spd SE # .  Spd SE # Spd SE # Spd Sl: 
1 48 - 
1 46 - 1 46 - - 
- - - 3 42 2.5 - - - 3 44 5.5 1 45 - - - - 
1 49 - 4 47 3.5 2 48 0.7 3 44 3.0 1 44 - - - - - - 6 44 4.5 2 43  4.9 - 7 44 6.0 2 46 2 . 8  
3 43  3.0 2 46 2.8 5 44 4.2 2 46 4.2 6 44 2.2 - - - 
1 49 - 4 48 5.0 11 45 3.3 10 44 3.9 3 38 2 . 0 ,  - - - 
3 49 2.6 12 47 4.3 8 47 3.3 10  46 3.4 2 45 0.7 - - - 
4 48 2.1 12 46 2.5 4 45 2.1 6 46 3.9 6 4 3  2.3 - - - 
2 4-9 0.7 13 48 3.1 13 46 2.8 9 43 1.6 7 43  2.7 - - - 
2 47 2.8 9 44 3.8 10 44 2.9 10 41 3.6 2 48  5.6 - - - 
- - - 9 46 2.5 12 44 3 .2  14 42 4.1 3 43  4.9 - - - 
2 51 0.0 Y 46 3.8 11 43 4.0 14 43 2.7 4 41  3.3 - - - 
- - - 13 47 2.9 9 45 3.0 11 44 4.5 1 46 - - - - 
- - - S 46 4 .9  14 45 3.0 3 41 4.0 1 40 - - - - 
1 48 - 11 47 3.4 14 42 2.6 8 43 3.9 2 40 7.0 - - - 
- - - 11 43 4.0 6 45 2.7 8 39 5 .3  4 44 2.9 - - - 
1 47 - 10 46 3.6 8 43  3.6 7 43 4.0 1 40 - - - - 
1 43 - 0 44 2.2 6 43  3.8 5 43 5.1 1 43 - - - - 

- 5 46 3.3 7 41 3.3 2 44 4.9 - - - - - - 
- - - 6 46 5.3 3 40 2.0 4 36 3 .7  1 35 - - - - 

- 2 43 1 .4  2 44 1 .4  3 40 5.5 - - - - - - 
- - - 3 44 4.5 2 43  3.5 - - - - - - - - 

- 2 41 1.4 3 42 4.1 - - - - - - 
- 2 44 5.6 3 41 3.4 - - - - - - - 

- - - 2 44 1.4 2 42 2.1 - - - - - - - - - 
- 1 4 3  - - - - - - 

1 35 - -- - - - 
- - - - - - 1 42* - - - - - - - - - - 

- - - - - - - - - - - - - - - 
- - - - - - 1 4 6  - 1 47 - - - - - - - 

- - - - - - - - - - - 
- - - - - - 1 47 - 3 42 6.6 - - - - - - 

- - - 

- - 

- - 
- - - - - 
- - - - 
- - - - - - - - - 
- - - - - - - - - - - 
- - - - - - - - - - - - - - - - - - 
- - - - - - - - - - - - - - - - - - 

Vol: &olume ( T h )  '# : Number of observations 'Spd: Average Speed (mph) %E: Standard Error L 

*Not Used (mob) a t e  of f ow 



Tab le  A-4 

SPEED-VOLUME CURVES (UNCORRECTED) 
Study #3 

Y = A X2 + B X + C 
Y = Speed (mph) 
X = Volume (vph) 

Truck Percent ~- Method 
15  Sec.* Express  0.0 20 40 60 80  

A -2.45 x -1.01 x 10-1 -2.27 x -1.24 x 10-1 -2.57 x 10-2 -** 

B 1.21 x 10-1 1.04 x 10' -1.36 x 1.36 x 10' 7.24 x - 
C 4.66 x lo1 4.54 x 101 4.71 x lo1 4.24 x lo1 4.50 x lo1 - 

RMS 0.70 0.89 0.62 1.16 1.11 1.12 

A -6.76 x 10-7 -2.33 x 10-7 -1.30 x -8.63 x -9.09 10-7 -3.62 x 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pla toon  

B 1 .58 x 10-3 7.34 x 10-3 4.61 10-3 1.04 10-3 1.07 10-3 1.14 x 

C 4.56 x lo1 4.25 x lo1 4.20 x lo1 4.61 x lo1 4.46 x lo1 3.49 x 101  

RMS 1.52 2.04 1.47 1 .so 1.91 2.50 

Note: RMS = Root mean squa re  v a l u e .  
* "X" i n  v e h i c l e s / l 5  seconds 

** This curve was concave and was n o t  used.  



Taole  A - 3  
VOLUME-SPEED COMPILATION (PLATOON METHOD) 

Study #3 

I 

V 0 l 2  
650 
750 
850 
950 

1050 
1150 
1250 
1350 
1450 
1550 
1650 
1750 
1850 
1950 
2050 
2150 
2250 
2350 
2450 
2550 
2650 
2750 
2850 
2950 
3050 
3150 
3250 
3350 
3450 
3550 
3650 
3750 
3850 
3950 
4050 
4150 

Express  
Cars Only 

'113 Spd4 SE5 

- - - 
2 46 0 .7  
1 45 - 
4 48 5 .3  
5 46 3.5 
3 47 1 .7  
4 46 1.2 
9 45 1 . 8  
4 51 2.5 
8 46 1 . 8  

11 47 3 .8  
7 45 2.8 

17 46 2.5 
15  45 2 . 3  
15 44 1.8 
10 46 2.7 
14 44 3.1 
14 46 2.5 
4 46 2 .2  

1 5  46 2 .9  
7 43 3.5 
3 42 1.1 
5 46 3.1 

10  43 2 . 1  
9 42 3.3 
8 43 2.5 

11 41 3.2 
2 44 6 . 3  
6 42 1 . 2  
6 42 5 .1  
1 45 - 
2 39 2.8 
1 40 - 

L o c a 1 R o a d w a y (Truck Pe rcen t  Groups) 
90 - 100% 0 - 5% 5 - 30% 30 - 50% 50 - 70% 70 - 90% 

# Spd SE # Spd SE # Spd SE # .  Spd SE # Spd SE 
1 48 - 
1 46 - - - - 1 46 - - - - - - - - - - 

- 3 42 2.5 - - - 3 44 5.5 1 45 - - - - 
1 49 - 4 47 3.5 2 48 0.7 3 44 3.0 1 44 - - - - - - 6 44 4.5 2 43 4.9 - 7 44 6.0 2 46 2.8 
3 43  3.0 2 46 2 .8  5 44 4.2 2 46 4.2 6 44 2.2 - - - 
3 49 2.6 12  47 4.3 8 47 3.3 10  46 3.4 2 45 0 .7  - - - 
4 48 2.1 12 46 2.5 4 45 2.1 6 46 3.9 6 43 2 .3  - - - 
2 4-9 0.7 13 48 3.1 13 46 2.8 9 43  1.6 7 43 2.7 - - - 
2 47 2.8 9 44 3.8 10 44 2.9 10  41 3.6 2 48 5.6 - - - 
- - - 9 46 2.5 12  44 3.2 14 42 4.1 3 43  4.9 - - - 
2 51 0.0 9 46 3.8 11 43 4.0 14 43 2.7 4 41 3.3 - - - - - - 13 47 2.9 9 45 3.0 11 44 4.5 1 46 - - - - 
- - - 8 46 4.9 14  45 3.0 3 41 4.0 1 40 - - - - 
1 48 - 11 47 3.4 14 42 2.6 8 43 3.9 2 40 7.0 - - - 
1 47 - 10 46 3.6 8 43  3.6 7 43 4.0 1 40 - 
1 43 - 8 44 2 .2  6 43  3.8 5 43 5.1 1 43 - - - - - 5 46 3.3 7 41 3.3 2 44 4 .9  - - - 
- - 3 40 2.0 4 36 3 .7  1 35 - - - - - 6 46 5.3 

- 2 43 1 .4  2 44 1.4 3 40 5.5 - - - - - - 
- - - 3 44 4.5 2 43  3.5 - - - - - - - - - 

- 
# Spd st: 

- - - - - - - - - - - - - - - 
- - - - - - 1 4 6  - 1 47 - - - - - - - 

- - - - - - 1 47 - 3 42 6.6 - - - - - - 
- - 

- - - 

1 49 - 4 48 5.0 11 45 3.3 10 44 3.9 3 38 2 . 0 .  - - - 

- - 8 39 5 .3  4 44 2.9 - 11 43 4.0 6 45 2.7 - - - 
- - - 

- - - - - 
- - 

- - - 2 41 1 .4  3 42 4.1 
- 2 44 5.6 3 41 3.4 - - - - - - 
- 2 44 1 .4  2 42 2 . 1  

- - - - - - - - - 
- - - - - 
- - - - - - - - - - - 
- - - 1 4 3  - - - - - - - - - - - - - 
- - - - - - - - - - - 1 35 - -- - - - 
- - - - - - - - - - - - - - - - - - 
- - - - - - 1 42* - - - - - - - - - - 
- - - - - - - - - - - - - - - - - - 
- - - - - - - - - - - - - - - - - - 
- - - - - - - - - - - - - - - - - - 
- - - - - - - - - - - - - - - - - - 

- - - - - - - - - - - - - - - - - - 1 42* - 4250 2 40 0.7 - 
TOTAL 72327 23 169 161 142 48 -- 11- 

2&-: kolurae (vph) 3#: Number of o b s e r v a t i o n s  4Spd: Average Speed (mph) 'SE: S tanda rd  E r r o r  
*Not Used (rnDh> ate of f ow 



Table A-5 

SPEED-VOLUME CURVES* 

Study #3 

Y = A X 2  + B X +  C 

Y = Speed (mph) 

X = Volume (vph) 

Truck Percent 
Express 0 20 40 60** 80 Coe f f i - 

c i e n t  

-1.60 x -5.42 x A -1.11 x -3.26 x -1.62 x -1 .25  x 

B 1.78 x 10-3 6.49 x 1 0 - ~  3.31 x 10-4 7.41 10-4 1.42 1.16  lo-* 

C 4.57 x 101 4.46 x lo1 4.45 x lo1 4.60 x lo1 4.40 x lo1 3.75 x 101 

*These curves represent  t h e  average between t h e  30-second time i n t e r v a l  and t h e  platoon methods, 
ad jus ted  so t h a t  t h e  express  volume i s  4000 vph a t  35 mph. 

**The 60% curve i s  based only on t h e  platoon method. 
~. 



T a b l e  A-6 

, 
VOLUME-SPEED COMPILATION B A S E D  O N  30-SECOND TIME INTERVALS 

B o t t o m  o f  Grade ( A )  
S t u d y  #4  

S i z e  % T r u c k s  Speed S . E .  Speed S.E. Speed S.E: Obs. 
C a r  * T r u c k  T o t a l  Number 

0 
50 

1 0 0  

44 .6  3.5 
46 .1  5 . 5  

0.0 0.0 

45 .6  3.6 
4 5 . 3  4 .9  
46.2 5.5 

0 .0 0.0 

0.0 0.0 
44.1 5.0 
44.4 4 . 0  

44.6 3.5 
45.1 3.7 
44.4 4 .6  

35 
1 4  

3 

0 
30 
70 

1 0 0  

0.0 0 .0  
40.0 4.0 
43.8 4.7 
45.0 1 .5  

45.6 3.6 
43.5 3.0 
44.6 4.4 
45.0 1 .5  

30 
1 7  
1 0  

3 

' 0  
30 
50 
70 

45.6 4.5 
45.0 3 .6  
44 .6  3.0 
45.6 7.3 

0.0 0.0 
42.5 4 .1  
43.3 4.2 
43.8 1.0 

45.6 4.5 
44 .3  3.1 
4 3 . 9  2.7 
44.2 2.5 

21 
1 4  
1 2  

3 

5 0 
20 
40 
6 0  

47.1 2.3 
45.6 3 .8  

4 7 . 1  2.3 0.0 0.0 12 
1 4  

7 
1 

43.6 4.9 
43 .7  2.2 

45.2 3.1 
46.0 2 . 0  47.5 3.1 

43.0 0.0 42.5 0.0 42.7 0.0 

6 0 
20 
30 
50 

46.0 2.5 
46 .9  3 .1  
49.0 2.0 
4 4 . 3  3.9 

0.0 0.0 
41.6 4.7 
45.5 3.9 
39.7 3.9 

4 6 . 0  2.5 
46 .0  2.9 
47.8 0.6 
41.9 3.6 

1 5  
15  

6 
4 

7 0 
70 
30 
6 0  

46.7 2 .6  
47.7 2 .3  

0.0 0.0 
42.0 3.6 
49.0 0.3 
40.4 0.0 

46.7 2 .6  
46.9 2.4 
48 .5  0.1 
4 3 . 7  0.0 

48.3 0.3 
48.0 0.0 

8 0 
1 0  
30 
40 
50 

47.2 2.4 
43.6 4.9 
46.0 2.1 
46.3 4.6 
53.1 0.0 

0.0 0.0 
43.0 2.8 
43.8 4 .1  
41.5 1.8 
42.2 0.0 

47.2 2.4 
43 .5  4.5 
45 .4  2 . 0  
44 .5  3.3 
47.6 0.0 

9 0 
1 0  
20  
30 

46.9 2.0 
48 .1  0.0 
48.1 1.2 
47 .5  1.5 

46.7 1.6 
45 .2  1.7 

47.6 0.0 
48.1 0 .0  
43 .5  0.0 

47.1 0.0 
47 .4  0.0 

0.0 0 .0  
45.5 0.0 
39.1 2 .8  
44.8 3.3 

46.9 2.0 
47.8 0.0 
46.2 1 .6  
46.6 2.0 

1 0  0 
1 0  

11  1 0  
30 
40 

12 1 0  
30 

0.0 0.0 
37.8 8 . 8  

5 0 . 5  0.0 
45.2 0.0 
44 .2  0.0 

41 .3  0.0 
40.0 0.0 

46 .7  1 . 6  
44 .5  2.1 

47 .9  0.0 
4 7 . 3  0.0 
4 3 . 8  0.0 

46 .6  0.0 
45 .6  0 .0  



T a b l e  A-7 

VOLUME-SPEED COMPILATION B A S E D  ON 30-SECOND TIME INTERVALS 

M i d d l e  o f  Grade ( B )  

S i z e  % T r u c k s  Speed S.E. Speed S . E .  Speed S . f .  Obs. 

S t u d y  # 4  
Car  T r u c k  T o t a l  Number 

2 

3 

4 

5 

6 

7 

8 

9 

10 

0 
50 

100 

0 
30 
7 0  

100 

0 
30 
50 

' 70  

0 
20 
40 
60 

0 
20 
30 
50 
70  

0 
1 0  
30 
4 0  
60 

0 
1 0  
30 
4 0  
50 

0 
1 0  
2 0  
30 
4 0  

0 
10 
20 
30 
40 

43 .2  4.5 
37.3 11.1 

0.0 0.0 

4.3.6 4.2 
33.1 8.1 
33.0 1 2 . 3  

0.0 0.0 

43.7 3.3 
39.6 6 . 0  
31.3 6.7 
31.7 9.8 

44.0 3.3 
38.9 6.8 
37.9 7.3 
29.5 9 . 0  

43.7 3.0 
41.4 4.5 
36.9 8.0 
31.1 10.2 
4 2 . 3  0.0 

43.8 3.2 
41 .4  4.8 
37.7 5 .9  
31.5 6.5 
31.3 0.0 

4 3 . 0  3.9 
40.7 6.1 

30.5 7.2 
28 .2  8 .4  

43 .1  2.6 
41.5 5.2 
4 3 . 4  3.1 
34 .8  4.7 
24 .7  5.7 

4 3 . 6  1 . 1  
37.7 6.5 
38.5 4 . 4  
25.9 2.2 
28 .1  0.0 

35.8 7 .8  

0.0 
21.6 
24 .4  

0.0 
24.4 
22.1 
15.6 

0.0 
23.5 
22.5 
25.6 

0.0 
22.9 
21.9 
26.2 

0.0 
23 .8  
24.8 
18.0 
24.8 

0.0 
19.7 
26.5 
23 .1  
34.5 

0.0 
25.7 
21.7 
18.7 
16.1 

0.0 
25.6 
35.3 
24.0 
22.2 

0.0 
22.0 
25 .O 
23.6 
20.9 

0.0 
8 . 2  
9.9 

0.0 
7.9 
6 .7  
1 . 8  

0 .0 
9.5 
4 . 9  
3.0 

0.0 
8 . 0  
7 .2  
9.9 

0.0 
7.7 
8.9 
3.0 
0.0 

0.0 
5.8 
7.0 
6.0 
0.0 

0.0 
8 . 4  
7.0 
3.8 
2.1 

0.0 
9.7 
5.1 
3.6 
5.6 

0.0 
7.7 
5.4 
2.5 
0.0 

43 .2  4.5 
29 .5  7.7 
24.4 9.9 

43.6 4.2 
34.2 7 .0  
25.7 7 .3  
1 5 . 6  1.8 

43.7 3.3 
35.6 5.8 
26.9 4.3 
27.1 1 .0  

44.0 3.3 
35.6 6.3 
31.5 5.8 
27.5 9.0 

43.7 3.0 
38.4 4 . 4  
32.9 7 . 4  
24.6 5.9 
30.6 0.0 

43.8 3.2 
38.3 4.3 
34.5 4.9 
27.9 5 .5  
33.1 0.0 

43.0 3 .9  
38.8 5.6 
32.3 7.3 
26 .1  5.7 
22.2 4.2 

43.1 2.6 
39.7 4 . 8  
41.6 3.4 
31.2 3.8 
23.6 5.7 

43.6 1.1 
36.2 6.4 
35 .8  4.1 
25 .2  0 .8  
25 .2  0.0 

98 
48 

6 

110 
54 
16 

2 

61 
72 
15  
5 

40 
49 
24 
5 

22 
37 
17 
5 
1 

26 
21 
1 3  

9 
1 

15 
1 5  
11 

8 
5 

9 
4 
4 
4 
2 

2 
5 
5 
2 
1 

. . - . . -~ - . ~ . . ~  . .. . - . . ._ _. . ... _ _  .... - . .A ... ..,.-. . . . ___ - - 



T a b l e  A-7 ( C O n t . )  

VOLUME-SPEED COMPILATION BASED O N  30-SECOND TIME INTERVALS 

M i d d l e  o f  Grade  (B)  

S i z e  % Trucks Speed S.E. S p e e d  S.E. S p e e d  S . E .  * O b s .  

S t u d y  #4 
Car Truck T o t a l  N u m b e r  

11 

1 2  

1 3  

14 

1 5  

17 

19  

0 
1 0  
20 
30 
40 
50 

100  

0 
10  
20 
30 

10 
50 

0 
30 

0 
10 

20 
30 

1 0  
20 

43 .2  
38 .0  
48 .0  
43 .6  
30 .6  
30 .2  

0.0 

39.9 
31.6 
42 .0  
31 .3  

33.8 
30 .8  

3 7 . 6  
30.2 

42 .7  
38 .3  

1 7 . 8  
40.1 

29 .0  
22 .4  

0 . 2  
7 . 0  
0 .0  
0 .0  
2 .5  
0 .0  
0 . 0  

0 .0  
0 .0  
2 .5  
3 . 8  

0.0 
0.0 

2 . 2  
0 .0  

0 .0  
0 .0  

0.0 
0.0 

0.0 
0.0 

0 .0  0 . 0  
19 .1  5 . 7  
13.1 0.0 
33 .3  0 .0  
24 .6  6.6 
1 6 . 4  0 . 0  
30 .6  0 .0  

0 . 0  0 . 0  
1 2 . 9  0.0 
1 3 . 7  1 . 5  
21 .7  2 . 7  

1 8 . 9  0.0 
25 .2  0.0 

0 . 0  0.0 
1 6 . 5  0 .0  

0 . 0  0 .0  
21.9 0 . 0  

16 .9  0 .0  
38.1 0 .0  

1 9 . 2  0.0 
28.0 0 .0  

43 .2  0 . 2  
3 6 . 3  6 .7  
41 .7  0 . 0  
4 0 . 8  0 .0  
28.4 4 . 0  
23 .9  0 . 0  
30.6 0 .0  

29.9 0 .0  
30.0 0 .0  
3 7 . 3  1 . 9  
28.8 2 . 1  

32 .7  0 .0  
2 7 . 8  0 . 0  

37 .6  2 . 2  
2 6 . 3  0 . 0  

42 .7  0 .0  
36 .2  0 . 0  

17 .6  0 . 0  
39 .5  0 . 0  

28 .0  0 .0  
2 3 . 3  0 . 0  

2 
4 
1 
1 
2 
1 
1 

1 
1 
2 
2 

' 1  
1 

2 
1 

1 
1 

1 
1 

1 
1 



T a b l e  A - 8  

S i z e  

2 

3 

4 

5 

6 

7 

VOLUME-SPEED COMPILATION B A S E D  ON 30-SECOND TIME INTERVALS 

Top o f  Grade ( C )  
S t u d y  # 4  

Car  T r u c k  T o t a l  Number 
% T r u c k s  Speed S.E. Speed S.E. Speed S . E .  Obs. 

0 45.1 4.1 0.0 0.0 45.1 4 .1  8 9  
50 40.9 1 0 . 8  23.5 8 . 3  32.2 8.0 45 

100 0.0 0.0 24.5 6.4 24.5 6.4 7 

0 43.2 5.0 0.0 0.0 43 .2  5.0 87 
30 41.7 6.8 22.9 8.5 35.5 5.9 68 
7 0  39,6 9.4 20.7 6.4 27.0 5.7 1 6  

100 0.0 0.0 19.3 0.0 19 .3  0.0 1 

' 0  45 .5  3.3 0.0 0.0 45.5 3.3 54 
30 42.5 5.6 24.7 9.1 38.0 5 .1  60 
50 38.4 11 .0  18.2 5.8 28.3 7.2 1 7  
70  47.3 0.0 17.7 0.0 25.1 0.0 1 

1 0 0  0.0 0.0 20.8 0.0 20.8 0.0 1 

0 44.8 3.7 0.0 0.0 44.8 3 .7  66 
20 42.2 5.9 22.1 7.9 38.2 5.4 40 
4 0  40.0 7.3 22.7 7.3 33.1 6.4 26 
60 28.3 6.4 18.9 2.7 22.6 2.9 7 

0 43.8 2.6 0.0 0.0 4 3 . 8  2.6 29 
20  44.1 4 .3  24.7 7.9 40.9 3 .8  48 
30 38.3 7.1 23.2 8 .1  33.3 6.0 24 
50 40.6 3.8 24.2 5 .6  32.4 3.1 10 
70 35.9 0.0 24.1 0.0 28.0 0.0 1 

0 45.4 3.6 0.0 0.0 45.4 3.6 1 8  
10  43.6 4 .5  21.5 6.5 40.4 4.2 26 
30 39.9 7.8 21.5 5.8 34.6 6.2 15  
40 34.8 8.6 22.7 3.3 29.6 6.1 6 
60 21.1 0 .0  16.0 0.0 18.2 0.0 1 

0 
1 0  

60 
0 

1 0  
20  
30 
60 
70 

45.8 2.1 
43.3 3.3 
41.8 6 . 1  
34.4 8 . 9  
36.5 0.0 
46.7 0.3 
42.9 4.0 
42.0 4.9 
29.9 5.0 
32.9 0.0 
30.8 0.0 

0.0 0.0 
22.9 8.8 
19.6 5.1 
22 .5  4.0 
26;6 0.0 
O I O  0.0 

24.0 10.2 
16 .8  1.9 
17.2 1.5 
17.3 0.0 
16 .3  0.0 

4 5 . 8  2 .1  
40.7 2.8 
36.2 5.1 
29.9 5.3 
30.3 0.0 
46.7 0 . 3  
40.8 3.7 
36.4 3.9 
25.7 2.8 
24.3 0.0 
21 .2  0.0 

12 
10 
1 2  

4 
1 
4 

1 5  
3 
3 
1 
1 



Y.OLUME-SPEED COMPILATION B A S E D  ON 30-SECOND TIME INTERVALS 
Top o f  Grade ( C )  

Study #4 

S i z e  % T r u c k s  Speed ‘ S . E .  Speed S .E .  Speed S.E.  Obs. 

1 0  0 .  41.9 0.0 0.0 0.0 41.9 0.0 1 
1 0  44 .5  2.6 20.3 5.8 42 .0  2.4 7 
20  34.1 2.4 17 .1  3 .8  30.7 2.3 5 
30 39.5 1 .6  22.4 1 . 8  34.4 0 .6  2 
4 0  30 .4  9 .4  17 .7  1 . 2  25.4 5.6 3 

Car  T r u c k  T o t a l  Number 

11  0 41.9 5.6 0 .0 0.0 41.9 5.6 5 
1 0  42.5 4 .7  20.6 7.7 40.5 4.5 6 
20  37.7 5.4 1 6 . 7  4.5 33.9 4.7 5 
30 32.1 2.9 15.9 2.2 27.7 1.7 3 

1 2  - ’  0 45.3 1.1 0.0 0.0 4 5 . 3  1.1 2 
1 0  44.3 0.0 22.8 0.0 42.5 0.0 1 
20  36 .0  7.5 17.9 1.9 33.0 6.4 6 
30 42.4 0.0 20.5 0.0 36.9 0.0 1 

1 3  1 0  45.1 0.0 20.4 0.0 43.2 0.0 1 
20 39.2 0.9 23.2 6.9 36.7 1 .8  2 
30 34.5 0.0 1 8 . 9  0.0 29.7 0.0 1 

1 4  1 0  41.7 4 .5  30.1 6.9 40.9 4.7 2 
40 15 .0  0.0 19.7 0.0 16.7 0.0 1 

1 5  0 44.8 0.0 
1 0  38.6 3.4 
30 21 .8  0.0 

0.0 0.0 
17.0  0.8 
17.9 0.0 

44.8 0.0 
35.7 2.8 
20.7 0.0 

2 
2 
1 

1 7  1 0  44.4 0.0 17 .3  0.0 4 2 . 8  0.0 1 
20 1 6 . 3  0.0 18 .7  0.0 16 .9  0.0 1 


